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2.5. BroHaneHHA po3paxyHKoBoro HaBaHTâ eHHa T n ........................................................ 24
2.6. Po3paxyHoK niKoBux CTpyMiB...........................................................................................28
3. BuGip HoMiHa b̂Hoi noTy^Hocri TpaHc^opMaTopiB T n ........................................................ 30
3.1. BuGip cu^obux TpaHc^opMaTopiB g.ra HacocHoi craH^i............................................. 31
3.2. BroHaneHHA noTy^Hocri KoHgeHcaTopHux ycraHoBoK 0,4 kB ................................... 31
4. BuGip nepepi3y npoBigHuKiB.....................................................................................................32
4.1. BuGip nepepi3y KH 6 kB ...................................................................................................33
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5 P  5.6.141. 078 n 3
3m, ApK. N  Bokijm, nidnuc Mama
Po3po5uB rpuzop'bB 5,0, ÄHa/ii3 poSomu cucmeMu 
e/ieKmponocmaHaHHfl HacocHoi cmaHuii ma 
po3paxyH0K ao/toßHux i i  napaMempiß 
rioßCHioßa/ibHa 3anucKa.
Mim, Mucm MucmiB
KepiBHUK Bacu/le^a n,0 . 4 78
KoHcy/tbm.
C yM ß y, E T 3 - 61CH.Kornnpo/ib
3aBmBep. / leöeduHCbKuü M.
CncTeMH eaeKTponocTaaaHHa npoMHcaoBHx nignpHeMcTB cTBoproroTtca 
gaa 3aöe3neaeHHa ^HBaeHHa eaeKTpoeHepriero npoMHcaoBHx npHHMaaiB 
eaeKTpnaHoi eHeprii, go aKHx BigHocaTtca eaeKTpogBHryHH pi3HHx MamHH i 
MexaHi3MiB, eaeKTpnam neai, eaeKTpoai3Hi ycTaHOBKH, anapaTH i MamHHH gaa 
eaeKTpnaHoro 3BaproBaHHa, ocBnaroBaatm ycTaHOBKH h rnmi npoMHcaoBi 
npHHMaai eaeKTpoeHeprii. 3agaaa eaeKTponocTaaaHHa npoMHcaoBHx
nignpneMCTB BHHHKaa ogHoaacHo i3 mnpoKHM BnpoBag^eHHaM eaeKTponpHBoga 
aK pymiHHoi cnan pi3HHx MamHH i Mexam3MiB i öygiBHH^BoM eaeKTpnaHHx 
cTaH^ö.
B gaHHM aac öiatmicTb cno^HBaaiB ogep^ye eaeKTpnaHy eHepriro Big 
icHyroanx eHeprocncTeM, CKaagoBi aKHx B^e gaBHo BHaepnaan CBin pecypc i 
noTpeöyroTb 3aMiHH Ha HoBiTHe eaeKTpoTexHiaHe oöaagHaHHa.
3 po3bhtkom eaeKTpocno^HBaHHa cncTeMH eaeKTponocTaaaHHa 
npoMHcaoBHx nignpueMCTB ycKaagHroroTtca. BHHHKae HeoöxigmcTb 
BnpoBag^yBaTH aBTOMaTroa^ro CHCTeM eaeKTponocTaaaHHa npoMHcaoBHx 
nignpueMCTB i BHpoÖHHanx npo^ciB , 3gincHroBaTH b mnpoKHx MacmTaöax 
gncneTaeproa^ro npo^ciB  BHpoÖHH^TBa 3 3acTocyBaHHaM TeaecnrHaai3a^i i 
TeaeKepyBaHHa i BecTH aKTHBHy poöoTy no eKoHoMii eaeKTpnaHoi eHeprii i 
nigBumeHHa e^eKTHBHocri poöoTH eaeKTpoycTaHoBoK.
roaoBHoro npoöaeMoro b HanöaH^aoMy ManöyTHboMy 3'aBHTbca 
cTBopeHHa pa^oHaatHHx cncTeM eaeKTponocTaaaHHa npoMHcaoBHx 
nignpHeMcTB.
ApK.
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HacocHa cTaH^a, rn,o po3raagaeTtca -  oö'eKT, nproHaaeHHH gaa 
3aöe3neaeHHa TexHoaoriaHoro n p o ^ c y  BHpoÖHH^raa naacrnac BogaHHMH 
po3HHHaMH 3 gogaBaHHaM MiKpogoöaBoK Ta 3aöe3neaye TexHoaoriaHe 
oöaagHaHHa BogaHHM KoHTypoM oxoaog^eHHa 3 BHKopacTaHHaM rpagapm.
KoMnaeKcHa cucTeMa HacocHoi cTaH^i cTaHoBHTb coöoro öygiBaro 
roaoBHoro Kopnycy, ge po3TamoBam eMHocTi 3 HacocaMH MiKpogoöaBoK Ta 
MimaaKH npuroTyBaHHa po3HHHiB. nopya 3 öygiBaero roaoBHoro Kopnycy 
po3TamoBaHi eMHocTi BigcTiÖHHKa oxoaog^yroaoro KoHTypy Ta rpagupHa gaa 
noBiTp^Horo oxoaog^eHHa Bogu.
HacocHa cTaH^a Mae cKaagHHH TexHoaoriaHHH n p o ^ c , b aKoMy 
BHKoHyroTtca pi3HoMaHiTHi onepa^ i 3 piguHoro: nepeKaayBaHHa no MaricTpaaaM 
BogonocTaaaHHa, npuroTyBaHHa po3HHHiB Ta nogaaa ix b TexHoaoriam mmi 
bhpoöhh^ tb, oancTKy Ta oxoaog^eHHa TexmaHoi Bogu oxoaog^yroaax KoHTypiB 
Ta iH. ,3,aa 3aöe3neaeHHa eaeKTponocTaaaHHa BHKopacTOByBaHoro
TexHoaoriaHoro oöaagHaHHa nepegöaaeHo npaöygoBaHe go öygiBai HacocHoi
npHMim,eHHa TpaHc^opMaTopHoi nigcTaH^i (Tn).
HacocHa cTaH^a ^HBHTbca eaeKTpoeHepriero Big po3nogiataoro npucTporo 
(Pn-6KB). BigcTaHb Big P n  go npaöygoBaHoi T n  - 120 m. Hanpyra Ha P n  - 6 kB. 
Bci E n  npaegHam go Mepern 3MiHHoi Tpa$a3Hoi Hanpyra 380B.
Cno^HBaai HacocHoi MaroTb 2 KaTeropiro HagiÖHocTi eaeKTponocTaaaHHa. 
fpyHT y paöom HacocHoi - aopHo3eM 3 TeMnepaTyporo +20 °C.
Po3Mipa öygiBai HacocHoi A x B x H = 18 x 30 x 8 m.
Tepuropia rpagapm  3 BigcTiÖHHKoM A r x B r = 24 x 18 m
üaaH po3Mirn,eHHa oöaagHaHHa b HaBegeHHH y gogaTKy A.
nepeaiK TexHoaoriaHoro ycTaTKyBaHHa HacocHoi HaBegeHo y T a ö a ^ i 1.1.
ApK.
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noTy^mcTb e^eKTpocno^HBaHHA (Phom) 3a3Hanem g . r a  ogHoro
e^eKTponpHHMana.
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2. Po3paxyHOK eaeKTpHHHHx HaeaHTa^eHb HacocHoi' craH ^i'
OaKTHHHe 3HaaeHHa po3paxyHKOBoro HaBama^eHHa 3aae^Ho Big KiabKoCTi 
E n  y rpyni Ta i'x pe^HMy poöoTH nepeBHrnye CepegHe, aKrn,o po3raagaroTbCa 
nnme E n , aöo öyge hhhhhm Big CepegHboro, aKrn,o BpaxoByeTbCa HMoBipmCTb 
ogHonacHoi poöoTH BCboro TexHoaoriaHoro yCTaTKyBaHHa, toöto 3aae^HTb Big 
piBHa b C En, Ha aKoMy BH3HaaaeTbCa HaBama^eHHa. ToMy BeaHHHHy cepegHbo­
ro HaBama^eHHa 3a MaKCHMaabHo 3aBama^eHy 3MiHy BHKopHCTOByroTb gaa 
BH3HaneHHa po3paxyHKoBoro HaBaHTa^eHHa.
niKoBHH CTpyM - ^  MaKCHMaabHHH KopoTKonaCHHH CTpyM TpHBaniciTO B 
KiabKa ceKyHg. K kobhm CTpyMoM gaa ogHoro E n  e nyCKoBHH CTpyM (InycK), aKHH 
BHHHKae npu BMHKaHHi ogHoro E ^  aöo 3BaproBaabHoro TpaHC^opMaTopa, npu 
eKCnayaTa^HHoMy K3 npn 3BaproBaHHi Ha ogmfi yCTaHoB^, naaB ^ CTaai y 
gyroBifi eaeKTponeai Ta iH. ^ a a  rpynu E n  niKoBHH CTpyM (IniK) BH3HaaaeTbCa 3 
ypaxyBaHHaM E ^  3 HafiöiabmHM nyCKoBHM CTpyMoM.
nyCKoBHH Ta niKoBHH CTpyMH Heoöxigm gaa BHÖopy yCTaBoK 
po3aenaroBaaiB aBToMaTiB Ta naaBKHx BCTaBoK 3anoömHHKiB, BH3HaaeHHa 
po3Maxy 3MiHH Hanpyrn gaa o^ hkh gonyCTHMoCTi KoaHBaHb Hanpyrn Ta 
nepeBipKH Mo^aHBoCTi CaMo3anyCKy E ^.
Ko^eH E n  xapaKTeproyeTbCa hh3kow HoMiHaabHHx napaMeTpiB, aK-To: 
Hanpyra, aaCTOTa CTpyMy, Koe^^ieHT noTy^HoCTi, Koe^i^eHT KopHCHoi gii 
(KK^) Ta iHTTTHx, rn,o 3a3HaaaroTbCa b naCnopTi E n .
BnxigHi gaHi gaa po3paxyHKy HaBama^eHb:
- yCTaHoBaeHa (HoMiHaabHa) noTy^HiCTb E n  (gaa E ^  - fioro aKTHBHa 
noTy^HiCTb, gaa TpaHC^opMaTopiB gyroBoro i MamHH KoHTaKTHoro 3BaproBaHHa - 
noBHa noTy^HiCTb);
- HoMiHaabHa Hanpyra E n ;
- Koe^i^eHT noTy^HoCTi E n ;
ApK.
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- pe^HM poöoTH E n  (TpHBaaHH, TB gaa E n  noBTopHo-KopoTKoTpHBaaoro 
pe^HMy, KopoTKonacHHÖ);
- Koe^i^eHT BHKopncTaHHa aKTHBHoi noTy^HocTi;
- ^asHicTb E n  (TpH^a3HHH aöo ogHo$a3HHÖ);
- cnociö npnegmHHa ogHo$a3Horo E n  (Ha $a3Hy aöo aimÖHy Hanpyry). 
YcTaHoBaeHa (HoMiHaatHa) noTy^HicTt E n  gaa E^, TpHBaaoro pe^HMy
poöoTH Ta Bcix BHgiB HarpiBaatHHx E n  - npHHMaeTtca piBHoro nacnopTHiö 
noTy^Hoeri:
p  = p  (2.1)* h * nacn v y
ge pnacn - HoMiHaatHa noTy^HiCTb Ha Baay E ^ , kBt;
- gaa E ^  noBTopHo-KopoTKonacHoro pe^HMy poöoTH - nacnoprarn 
noTy^HocTi (kBt), npHBegemö go BigHocHoi TB = 1,
Ph = Pnacn ' J TBn . (2.2)
ge TBn —  nacnopTHa TpHBaaicTt BMHKaHHa, B.o;
- gaa 3BaproBaatHHx TpaHc^opMaTopiB:
^  Snacn " ^ n B n , (2-3)
Ph Snacn " ^ n B n  " COS $nacn, (2-4)
ge cos rf>nacn- nacnopTHe 3HaaeHHa K oe^^iem a noTy^HocTi;
- gaa KpaHiB HoMiHaatHi aKTHBHa Ta peaKTHBHa noTy^HocTi BH3HaaaroTtca 
aK gaa ogHoro E n  3 cyMapHoro HoMiHaatHoro noTy^HicTro:
Ph = I?=1 Ph .i, (2.5)
Qh = S U  Rh.i = S U  Ph.itg Q i , (2 .6 )
ge n - KiatKicTt E ^  KpaHa;
pH 1 - HoMiHaatHa aKTHBHa noTy^HicTt i-ro E n ;
t g ^ i - BignoBigae 3HaaeHHro K oe^^iem a noTy^HocTi cos i-ro E n .
PiBHi BH3HaaeHHa po3paxyHKoBHx HaBama^eHt HaBegeHi Ha pncyHKy 2.1.
ApK.
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nepmHH piBeHb eAeKTponocTanaHHA - ^  eAeKTpunrn Mepe^i Hanpyroro go 
1 kB, AKi npuegHyroTb oKpeMi E n  go n P E  (muHonpoBogy, ^ C  aöo chaoboi 
3ÖipKH).
^pyrHH piBeHb eAeKTponocTanaHHA - ^  eAeKTpunrn Mepe^i Hanpyroro go 
1 kB, AKi npuegHyroTb ^ C ,  cuAoBi nyHKTu Ta 3ÖipKu, m P A  go 3ÖipHux muH HH 
aöo go m M A.
TpeTifi piBeHb —  ^  3Öipm muHu HH TpaHC^opMaTopHux nigcTaH^H Ta 
m M A .
OönucAeHHA po3paxyHKoBux HaBaHTa^eHb Ha gpyroMy Ta TpeTboMy piBHAx
e^eKTponocTanaHHA 3giöcHroeTbCA MeiogoM po3paxyHKoBux Koe^^iem iB [15].
Meiog HaAe^uTb go ochobhhx MeiogiB po3paxyHKy eAeKTpunHux 
HaBaHTa^eHb. BiH e HaööiAbm tohhhm i peKoMeHgyeTbCA npu BU3HaneHHi 
po3paxyHKoBux HaBaHTa^eHb gAA rpyn E n , koah BigoMi gaHi Ko^Horo E n  [2].
PucyHoK 2.1 -  PiBHi BU3HaneHHA po3paxyHKoBux HaBaHTa^eHb
2.1.Po3paxyHOK CHAOBoro HaBaHTjmeHHH Ha nepmoMy piBHi
Ha nepmoMy piBHi eAeKTponocTanaHHA HaBarng^eHHA Ha Airnro (npoBig, 
KaöeAb) CTBoproeTbCA ogHUM E n , ToMy gAA Bcix TaKux npuegHaHb npu BigoMoMy 
^aKTHHHoMy Koe^^ iem i 3aBaHTa^eHHA k 3 E n  po3paxyHKoBi aKTUBHi Ta 
peaKTUBHi HaBaHTa^eHHA nepmoro piBHA eAeKTponocTanaHHA BU3HanaroTbCA 3a 
^opMyAaMu:
Pp.l =  k 3 • Vhom, (2.7)
ApK.
B P  5 .6 .1 41 .0 78  n 3 11
3mh, ApK. N  Bokij m, n idnuc Mama
R p .l Qhom ' (2-8)
^ p .i_  Vp p .i 2 +  ^p.i2 , (29)
V i  =  v ^ r *  (2 -10)v ^  u  HOM
ge t g $  - BignoBigae nacnopTHOMy 3HaaeHHro Koe^i^eHTa noTy^HOCTi c o s $ ,  
aKe xapaKTepHe gaa gaHoro E n;
UHOM- HoMiHaatHa Hanpyra eaeKTpHHHoi Mepe^i go 1 kB.
^Krn,o ^aKTHHHHH Koe^^ieHT 3aBaHTa^eHHA k 3 E n  HeBigoMHH, to npu 
npoeKTyBaHHi npHHMaeTtCa k 3 = 1. TaKHM hhhom, 3a po3paxyHKoBe aKTHBHe 
HaBamg^eHHA npHHMaeTtCa HoMiHaatHa noTy^Hiert E n  npu TB = 1.
HoMmaatHHH CTpyM E ^  BH3HaaaeTtCa aK:
I _ ______ P HOM.d_______ (2 11)l HOM.Ö ~  ps rnQ^  „ 5 vZ 11/UhOM COS <pHOM.d VHOM.d
ge PHOM ö~ HoMiHaatHa aKTHBHa noTy^HiCTt E ^;
c o s  $ HOMd -  HoMmaatHHH Koe^^ieHT noTy^HocTi E ^ ; 
g HOM.d - HoMmaatHHH Koe^i^eHT kophchoi gii (KK^) E ^,
Be^HHHHH c o s  0 HOM.A i ^HOM.dnpHHMaroTtca 3 KaTaaoriB 3aBogiB- 
BHroToBaroBaniB i goBigHHKiB [16,17],
^om a tHQ gaa Ko^Horo E n  oÖHHCaHTH fioro nycKoBHH CTpyM:
^nycK knycK " ĤOM.En, (2-12)
ge k nycK - Koe^i^eHT nycKy;
IHOM.E n - HoMmaatHHH CTpyM E n,
,3,aa KoHKpeTHHx E n  Koe^^ieHTH nycKy npHHMamTt 3a nacnopTHHMH 
gaHHMH, ^Krn,o bohh BigcyTHi, to m,ogo HoMiHaatHoro CTpyMy E n  BeaHHHHa 
nycKoBoro CTpyMy npHHMaeTtCa:
- 5-KpaTHoro gaa aCHHxpoHHHx gBHryHiB (Ä ^) 3 KopoTKo3aMKHeHHM 
poTopoM Ta CHHXpoHHHX gBHryHiB (C ^);
- 2,5-KpaTHoro gaa gBHryHiB noCTiÖHoro CTpyMy Ta 3 $a3HHM poTopoM;
- 3-KpaTHoro gaa 3BapmBaatHHx i niaHHx TpaHC^opMaTopiB, MamHH 
KoHTaKTHoro 3BaproBaHHa npn MaKCHMaatHiö BTopHHHm Hanpy3i [2],
ApK.
B P  5 .6 .1 41 .0 78  n 3 12
3mh, ApK. N  Bokijm, nidnuc Mama
ApK.
B P  5 .6 .1 41 .0 78  n 3 13
3mh, ApK. N  Bokijm, nidnuc Mama
Bn3HaneHHH po3paxyHKOBHx HaeaHTa^eHb Ha nepmoMy piBHi 
eaeKTponocTanaHHH g a a  Hacocy BigcriHHHKa H17
,3,aa Hacocy H17 3a ^opMyaoro (2.7) npn npHHHaTOMy kß = 1 po3paxyHKOBe 
aKTHBHe HaBama^eHHa Ha nepmoMy piBHi eaeKTponocTaaaHHa:
Pp. 1 PnoM.d 1 " 7,5 5,5 KBm .
,3,aa Hacoca npHHMaeTtca Koe^^ieHT aKTHBHoi noTy^Hocri cos <fi =  0,8, 3a 
^opMyaoro (2.8) npu npHHHaTOMy K oe^i^em i peaKTHBHoi noTy^HocTi tg $  =  
0,75, aKHH BignoBigae 3agaHoMy K oe^i^em y aKTHBHoi' noTy^HocTi cos <fi =  0,8, 
po3paxyHKoBe peaKTHBHe HaBaHTa^eHHa Ha nepmoMy piBHi eaeKTponocraaaHHa:
Vp.i =  QnoM.d =  5,5 • 0,75 =  4,13 uBÄp .
3a ^opMyaoro (2.9) po3paxyHKoBe noBHe HaBama^eHHa Ha nepmoMy piBHi 
eneKTponocTanaHHa:
spA =  J p p .i2 +  % .i 2 =  V5, 52 +  4 ,132 =  6,88 kBA
noTiM 3a ^opMyaoro (2.10) BH3HaaaeTbca po3paxyHKoBHH cTpyM nepmoro 
piBHa eaeKTponocTanaHHa:
6,88Ip i  = - p -------- = 1 0 ,4 5  A.p V3 • 0,38
3a HenoBHHMH BHxigHHMH gaHHMH, aKi npu npoeKTyBaHHi öepyTtca i3 
3aBgaHb TexHoaoriB (HaBogm^ca HaÖMeHyBaHHa ycTaTKyBaHHa Ta fioro 
BcTaHoBaeHa noTy^HicTb), gaa Hacocy npHHMaeTtca Koe^^ieHT nycKy kn  = 5 .
Bn3HanaeMo nycKoBHH cTpyM 3a ^opMyaoro (2.12)
InyCK =  5 • 10,45 =  52,23 A.
OTpHMaHi 3a ^opMyaaMH (2.7) - (2.12) pe3yatTaTH po3paxyHKiB gaa Hacocy 
















2,2 0,8 0,75 2,2 1,65 2,75 4,18 20 ,89
H5-H6 Hacocu
MiKpOflOÖaBOK 1,5
0,8 0,75 1,5 1,13 1,88 2,85 14,24
H7-H 12 Hacocu
MiKpOflOÖaBOK 1,1 0,8 0,75 1,1 0,83 1,38 2,09 10,45
H 13-H 15 Hacocu nogani
p03HMHy
4 0,8 0,75 4 3,00 5,00 7,60 37 ,98
H 16-H 18 Hacocu
MimagoK 1,5
0,8 0,75 1,5 1,13 1,88 2,85 14,24
M 1-M 3 M iw arnu 7,5 0,7 1,02 7,5 7,65 10,71 16,28 81 ,39
H 19-H26 Hacocu
BiflCTiMHMKa
5,5 0,8 0,75 5,5 4 ,13 6,88 10,45 52 ,23
H27-H28 rogoBHi Hacocu rpugupHi 22 0,8 0,75 22 16,50 27 ,50 41 ,78 208,91
H29-H 30 Hacocu^opcyHOK 11 0,8 0,75 11 8,25 13,75 20 ,89 104,45
B 1-B2 BeHTurnaTopu
rpagupHi
7,5 0,7 1,02 7,5 7,65 10,71 16,28 81 ,39
2.2.Po3paxyHOK CH^öBoro HaBaHTjmeHHH Ha gpyroMy piBHi
Ha gpyroMy piBHi e-aeKTponocTanaHHa HaBamg^eHHa Ha ^HBH^bHy mmro 
CTBoproeTbca rpynoro E n , AKi npnegHam go nPE. OcKrnbKH ogHonacHo 3 
MaKCHMa^bHHM HaBamg^eHHAM yci E n  He ^pa^roroTb, to pe3ygbTyroHe 
HaBaHTa^eHHa 3aB^gn MeHme Big cyMH ix HOMiHantHHx noTy^HOCTefi i öyge 
örnbmHM Big cepegHboro HaBamg^eHHa 3a MaKCHMa^bHO 3aBaHTa^eHy 3MiHy (3a 
Manoi Ki^bKocTi E n ) aöo gopiBHWBaTH öoMy (3a 3HanHoi KigbKocTi E n), rn,o 
xapaKTepH3yeTbca Koe^i^ emgMH po3paxyHKoBHx aKTHBHHx HaBamg^eHb Kpa i 
po3paxyHKoBHx peaKTHBHHx HaBaHTa^eHb Kpp.
ApK.
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Koe^^ieHT po3paxyHKoBux aKTHBHHx HaBamg^eHt Kp a 3ane^HTt Big 
e^eKTHBHoro HHcna E n  ne, cepegHtoBHBa^eHoro K oe^^iem a BHKopncTaHHa 
aKTHBHoi noTy^HOCTi K e CB Ta CTanoi nacy HarpiBaHHa Mepe^i T0, aKa Ha gpyroMy 
piBHi eneKTponocTanaHHa npufiMaeTtca T0 = 1 0  xb (po3paxyHKoBHH iHTepBan 
nacy 3To = 30xb).
E^eKTHBHe hhcho E n  ne - ^  TaKa yMOBHa KintKicTt ogHopigHux 3a 
pe^HMOM poöoTH E n  ogHaKOBOi noTy^HOCTi, aKa oöyMoBnroe Te caMe 3HaneHHa 
po3paxyHKOBoro HaBama^eHHa, aK i rpyna E n  pi3Hux 3a pe^HMOM poöoTH Ta 
noTy^HiCTro, BenHHHHa e^eKTHBHoro HHcna E n  ne BH3HanaeTtca TaK:
n e = (y j , (2.13)
" 1 = 1  ^  HOM.i
ge n - KintKicTt ^pa^roroHHx E n  b rpyni;
pH0M.r HoMiHantHa aKTHBHa noTy^HicTt i-ro E n  npu TB = 1,
3Hafigem 3a ^opMynoro (2.13) 3HaneHHa ne oKpyrnaroTtca go HafiönH^Horo 
MeHmoro ^ n o ro  HHcna.
^ucno e^eKTHBHHx E n  ne npufiMaeTtca piBHHM gificHoMy HHcny E n  n, 
aKrn,o BigHomeHHa noTy^HocTeö Haööintmoro go HafiMeHmoro E n  rpynu He
nepeBH ^ye 3 (pHoM, MaKC /pHoM. MiH ^  3)-
^n a  rpyn pi3Hux E n  pi3Hoi noTy^Hocri Ta pi3Horo pe^HMy poöoTH 
cepegHboBHBa^eHHH Koe^i^eHT bhkophctaHHa aKTHBHoi noTy^HocTi:
K eo  =  I N K  (2.14)
Z j j = l  J HOM.i
ge k —  KintKicTt xapaKTepHHx rpyn E n ;
PCMi — rpynoBa cepegHa aKTHBHa noTy^HicTt 3a MaKCHMantHo 
3aBaHTa^eHy 3MiHy i-i rpynn E n ;
PH0M.r rpynoBa HoMiHantHa aKTHBHa noTy^HicTt i-i rpynn E n , aKa 
BH3HanaeTbca 3a ^opMynoro (2.5).
rpynoBe cepegHe aKTHBHe HaBaHTa^eHHa 3a MaKCHMantHo 3aBama^eHy 
3MiHy i-i rpynu E n  BH3HanaeTtca 3a ^opMynoro:
PcM.i ^i= l^e.i " PhomA, (2.15)
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ge n - KiabKicTb E n  b rpyni;
k e i - Koe^i^eHT BHKopHcTaHHa aKTHBHoi noTy^HOCTi i-ro E n ;
Vn0M.i~ HOMiHanbHa aKTHBHa noTy^HiCTb i-ro E n  npH TB =1.
K o e^ ^ iem u  BHKopHcTaHHa aKTHBHoi' noTy^HocTi kB HaBogaTbca y 
BignoBigHifi TexHiHHifi Ta goBigKoBifi aiTepaTypi [4, 8]. ^Krn,o B goBigKoBux 
MaTepiaaax HaBegeHi iHTepBaabHi 3HaaeHHa kB, to gaa po3paxyHKy npuÖMaroTb 
fioro Hafiöiabme 3HaaeHHa.
^HcaoBi 3HaneHHa Koe^^iem iB po3paxyHKoBux aKTHBHux HaBama^eHb 
Kp,a Ha gpyroMy piBHi eaeKTponocTaaaHHa HaBogaTbca y BignoBigHifi TexHiHHifi 
Ta goBigKoBifi aiTepaTypi [15].
Ha gpyroMy piBHi eaeKTponocTaaaHHa po3paxyHKoBe cHaoBe aKTHBHe 
HaBarng^eHHA Pp.2 i po3paxyHKoBe cHaoBe peaKTHBHe HaBaHTa^eHHa Qp 2  gaa n 
E n  B rpyni BH3HaaaroTbca 3a ^opMyaaMH:
Pp.2 Kp.a " ^i=ik-e .i ' Phom.i ^p .a ' X i=lPcM.i, (2 .16)
Qp.2 Kp.p • ^ i =^ k ej • Phom.i " ^d^HOM.i ^p /p " ^ i  = ltfcM.i, (2.17)
ge P CM. b  Q c M . r  cepegHi aKTHBHa Ta peaKTHBHa noTy^Hocri 3a MaKcHMaabHo 
3aBaHTa^eHy 3MiHy i-ro E n  BignoBigHo;
t g $ H 0 M i - BignoBigae HoMiHaabHoMy 3HaaeHHro K oe^i^em a noTy^HocTi 
cos $ H0Mj, aKe xapaKTepHe gaa gaHoro Bugy E n .
y  ^opMyai (2.17) Koe^^ieHT po3paxyHKoBux peaKTHBHux HaBaHTa^eHb 
Kp.p npH HHcai e^eKTHBHHx E n  ne < 10 npHfiMaeTbca Kp.p = 1,1, a npH ne > 10 
npHfiMaeTbca Kpp = 1.
y  BHnagKax, KoaH po3paxyHKoBe aKTHBHe HaBama^eHHa rpynH E n  Pp2 
MeHme 3a HoMiHaabHy noTy^HicTb Hafiöiabm noTy^Horo E n  rpynH, caig
npHfiMaTH Pp.2=pnoM.MaKc.
^Krn,o go By3aa npHegHaHo go Tpbox E n  BKaroaHo, to po3paxyHKoBe 
HaBaHTa^eHHa npHfiMaeTbca piBHHM cyMi ix HoMiHaabHHx noTy^HocTefi:
Pp.2 = YH=lPnoMi, (2.18)
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ge n  =1-3.
Po3paxyHKOBe cnaOBe noBHe HaBaHTa^eHHa Ha gpyroMy piBHi 
eaeKTpOnOCTaaaHHa BH3HaaaeTbca TaK:
Sp.2 = Jp p .22 +  Qp.22 , (2.20)
npH ^OMy po3paxyHKOBHH CTpyM:
^  = v i f -  <2-21)V ^  u  HOM
Bn3HaneHHH po3paxyHKOBoro cnaoBoro HaeaHTimeHHA g a a  ^ C 3  (hk 
npHKaag po3paxyHKy)
Big ^ C 3  ^HBaaTtca: BiciM HacOCiB BigcTiHHHKa H19 -  H26.
CyMapHa aKTHBHa HOMiHaatHa nOTy^mcTb TptOx HacOCiB BH3HaaaeTbca 3a
^OpMyaOro (2.5).
Phom.H.Z =  5,5 • 8 =  44 K B m .
CyMapHa aKTHBHa HOMiHaatHa nOTy^mcTb gaa Bcix E n  ^ C 3 :
PHOM.C P ^ 3Z P hOM.H.Z 44 K B m -
,3,aa HacociB, npu gaHOMy TexHOaOriaHOMy pimeHHi npHHMaeTtca cepegHe 
3HaneHHa KOe^^ ieHTa BHKOpHCTaHHa aKTHBHOi nOTy^HOCTi ke = 0,8.
CepegHtO3MiHHe aKTHBHe HaBama^eHHa KpaHa MOCTOBOrO 3a ^OpMyaOro (2.15) 
gOpiBHroe:
PCMM = 8 • 5,5 • 0,8 =  35,2 K B m .
,3,aa HacOCiB npu npHHHaTOMy co s  <fi = 0,8, aKOMy BignOBigae tg $  = 0,75, 
cepegHtO3MiHHe peaKTHBHe HaBaHTa^eHHa:
Q cm.h =  35,2 • 0,75 =  26,4 K B A p .
CyMapHe cepegHbO3MiHHe peaKTHBHe HaBama^eHHa gaa Bcix E n  ^ C 3  
BH3HaaaeTbca TaK:
ApK.
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Q cm.w ,c  3£ Qcm.h. 26,4 KBAp .
Be^HHHHa e$eKTHBH020 HHC^a E n  ^ C 3  BH3HanaeTbca 3a ^opMy^oro (2.13)
n e = = 8.e 8-5,52
npHHMaeTbca Hafiö^H^He MeHme ^.ae hhcho ne= 8 mT.
CepegHbOBHBa^eHHH Koe^^ieHT BHKOpHCTaHHa aKTHBHOi noTy^HOCTi g.aa
E n  CPffl3 BH3HanaeTbca 3a ^opMy^oro (2.14)
Ke, e = ^  = 0 ,8
3 TaöttH^ g:*epe.aa [2] ne — 8 mT. i Ke cb = 0,8 KOe^i^eHT po3paxyHKOBoro 
aKTHBHoro HaBaHTa^eHHa Kpa = 1.
Po3paxyHKOBe CH^OBe aKTHBHe HaBaHTa^eHHa E n  ^ C 3  BH3HanaeTbca 3a 
^opMy^oro (2.16)
Pp 2 =  1 - 35,2 =  35,2 KBm.
Po3paxyHKOBe CH^OBe peaKTHBHe HaBamg^eHHa E n  ^ C 3  BH3HanaeTbca 3a 
^opMy^oro (2.17)
Qp 2 = 1 - 26,4 = 26,4 KBAp.
Po3paxyHKOBe CH^OBe noBHe HaBaHTa^eHHa E n  ^ C 3  BH3HanaeTbca 3a 
^opMy^oro (2.20)
Sp 2 = V 35,22 +  26,42 =  44 kBA.
Po3paxyHKOBHH CTpyM E n  ^ C 3  BH3HanaeTbca 3a ^opMy^oro (2.21)
44Iv 2 =  —= -------- =  66,85 A.v V3 - 0,38
HaBaHTa^eHHA iHmux ch^ obhx rn,HTiB ^ C  BH3HanaeTbca aHanorinHO. 
Pe3y^bTaTH pO3paxyHKiB HaBOgaTbca b Taö.aH^ 2.2.
2.3.Po3paxyHOK CH^öBoro HaBaHTjmeHHH Ha TpeTböMy piBHi
Ha TpeTbOMy piBHi e^eKTpOnOCTanaHHa KrntKicTb E n  rn,e ömtma, Hm Ha 
gpyrOMy piBHi e^eKTpOnOCTanaHHa. Pe3y^bTyrone HaBamg^eHHa 3aB^gn MeHme
Big cyMH ix HoMrnaabHHx noTy^HocTefi i öyge aöo öiabme (y pa3i Maaoi 
KiabKocTi E n ), aöo MeHme (y pa3i 3HaaHoi KiabKocTi E n ) cepegHtoro 
HaBama^eHHa 3a MaKcHMaabHo 3aBama^eHy 3MiHy, rn,o xapaKTeproyeTbca 
Koe^i^emaMH po3paxyHKoBHx aKTHBHHx HaBama^eHb K rp.a i po3paxyHKoBHx pe- 
aKTHBHHx HaBaHTa^eHb K'p.p [15].
Ha ^oM y piBHi eaeKTponocTaaaHHa Koe^i^eHT po3paxyHKoBHx aKTHBHHx 
HaBaHTa^eHb K'p.a TaKo^ 3aae^HTb Big e^eKTHBHoro ancaa E n  ne, 
cepegHboBHBa^eHoro K oe^i^em a BHKopncTaHHa aKTHBHoi noTy^HocTi K e. cp Ta 
cTaaoi aacy HarpiBaHHa Mepe^i To, aKa npnfiMaeTbca To = 2,5 rog.
Ha TpeTboMy piBHi eaeKTponocTaaaHHa aepe3 3HaaHy KiabKicTb E n  
gonycKaeTbca BeanaHHy e^eKTHBHoro ancaa E n  ne BH3HaaaTH 3a cnporn,eHoro 
^opMyaoro:
2.y™ vn e = ZL^ p»OM-\ (2.26)Phommükc.
ge m —  yci E n  (öe3 pe3epBHHx), aKi ^HBaaTbca Big iiihh HH ^ T ^  aöo 
m M A ;
VHoMMaKc.- HoMiHaabHa aKTHBHa noTy^HicTb Hafiöiabm noTy^Horo E n  yciei 
rpynu.
^Krn,o 3HafigeHe 3a ^opMyaoro (2.26) 3HaaeHHa ne > n, to npnfiMaeTbca ne = 
n. 3HaaeHHa ne oKpyraaeTbca go HafiöaH^aoro MeHmoro ^ a o ro  ancaa.
CepegHboBHBa^eHHH Koe^^ieHT BHKopncTaHHa aKTHBHoi noTy^HocTi 
BH3HaaaeTbca 3a ^opMyaoro (2.14), aae gaa Bcix ^pa^roroaHx E n  KiabKicTO m.
^ncaoBi 3HaaeHHa Koe^^iem iB po3paxyHKoBHx aKTHBHHx HaBama^eHb 
K rpa HaBogaTbca y BignoBigHifi goBigKoBifi TexHiaHifi aiTepaTypi [15].
Ha TpeTboMy piBHi eaeKTponocTaaaHHa po3paxyHKoBe cnaoBe aKTHBHe 
HaBaHTa^eHHa Pp.3 BH3HaaaeTbca 3a ^opMyaoro:
Pp.3 = K . a • 1 ?=! K.i • Vhom .I = K . a • 1 ? =1 Vsrn.i. (2.27)
Ha TpeTboMy piBHi eaeKTponocTaaaHHa Koe^i^eHT po3paxyHKoBHx 
aKTHBHHx HaBaHTa^eHb K rpa Ta Koe^i^eHT po3paxyHKoBHx peaKTHBHHx
ApK.
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HaBamg^eHb K'p.p npHHMaroTbca piBHHMH ( K'p.a = K 'p.p), TOMy po3paxyHKOBe 
CHHOBe peaKTHBHe HaBaHTa^eHHa Qp.3 BH3HaaaeTbca ak:
Qp.3 Kp.p ' E t= l K .i ' Phom.i ' ^d^HOM.i Pp.3 ' ^d^ce, (2.28)
ge t g $ CB BignOBigae cepegHbOBHBa^eHOMy 3HaaeHHro KOe^^ieHTa 
noTy^HOCTi cos 0 ce.
Po3paxyHKOBe CH.OBe noBHe HaBamg^eHHa ^ x y  Ha TpeTbOMy piBHi 
eaeKTpOnOCTaaaHHa MO^Ha BH3HaaHTH TaK:
Sp.3 = J p p .32 + Qp.32. (2.29)
npH ^OMy pO3paxyHKOBHH CTpyM:
'p .3 = j f c - ,  (2.30)
V ^  u  HOM
ge UHOM~ HOMiHantHa Hanpyra eaeKTpHHHOi Mepern gO 1 kB.
Po3paxyHOK. Be^HHHHa e^eKTHBHOrO HHC.a E n  n e BH3HaaaeTbca 3a 
cnpO^eHOro ^OpMy.Oro (2.26)
__ ’̂ ' (P hom.̂ C1 ^ P homW,C2 ^ P homW,C3 ^ ^ hom.̂ Ca )n e _  -  >
t J HOM.MÜKC.
2'(18,4+39+44+81)
n p _ ---------------------_  16 mT.
e 22
npHHMaeTbca Hafiö^H^He MeHme ^ a e  hhc. o ne = 16 mT.
CepegHbOBHBa^eHHH KOe^^ieHT BHKOpHCTaHHa aKTHBHOi nOTy^HOCTi gaa
Bcix E n  ^ x y  pO3paxOByeTbca 3a ^OpMyaOro (2.14)
w- __  ^ cm. ^ C 1 ^ ^ cm^ C 2 ^ ^ cm^ C 3 ^ ^ cm^ C 4^e .ce p  ,
^ H O M .T .
ts _  13,8 + 37,05 + 35,2+76,95 _  n  onKPCPx _ -------------------------- _  U,o9.
8X8 182,4
KOe^^ieHT pO3paxyHKOBOrO aKTHBHOrO HaBama^eHHa gaa OÖHHcaeHHx 
BHrn,e ne = 16 mT.i K e cb = 0,89 3 T aöaa^  npHHMaeTbca K'p.a = 1. 3a ^OpMyaOro 
(2.27) pO3paxyHKOBe caaOBe aKTHBHe HaBama^eHHa Ha TpeTbOMy piBHi
eaeKTpOnOCTaaaHHa:
Pp 3 _  1 ' 163 _  163 KBm.
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Po3paxyHKOBe cnaOBe peaKTHBHe HaBamg^eHHa BH3HaaaeTbca 3a 
^opMy^oro (2.27), ypaxOByroan, rn,o K'p.a = K'p.p = 1,
Qp.3 Kp.p • (Qcm.^C  1 +  Qcm.W,C2 +  Qcm.^C3 +  Qcm.W,Ca) ,
Q p m3 =  1 • (10,35 +  33,56 +  26,4 +  61,56) =  131,88 *Ä4p. 
Po3paxyHKOBe cnaOBe noBHe HaBaHTa^eHHa BH3HaaaeTbca 3a ^opMyroro
(2.29)
Sp.3 =  V 1632 +  131,882 =  209,67 *Ä4.
Po3paxyHKOBHH CTpyM Ha TpeTbOMy piBHi eaeKTpOnOCTaaaHHa
BH3HaaaeTbca 3a ^OpMyaOro (2.30)
. 209,67 rrtr* r*/- */„ 3 =  -p-----=  318,56 Ap. ̂  V^0,38
Po3paxyHKOBi BeaHHHHH Ta po3paxyHKOBi HaBamg^eHHa ch^ obhx E n  Ha 
TpeTbOMy piBHi eaeKTpOnOCTaaaHHa HaBOgaTbca b TaöaH^ 2.2.
2.4. HaBaHTa^eHHH 3ara^bHoro e^eKTpHHHoro ocBir^eHHH
E^eKTpHHHe OCBrraeHHa bhpoöhhhhx npHMirnpHb e 3araabHHM
piBHOMipHHM OCBiraeHHaM i BHKOHyeTbca CBiTH^bHHKaMH, aK pO3nOgiaaroTb 
piBHOMipHO Mm OKpeMHMH $asaMH TpH^a3HOi e^eKTpHHHOi Mepe^i.
ToMy e^eKTpHHHe OCBrraeHHa MO^Ha pO3raagaTH aK ipH$a3He 
HaBaHTa^eHHa.
PO3paxyHKOBe HaBaHTa^eHHa 3araabHOrO eaeKTpHHHOrO OCBiraeHHa ^ x y  
BH3HanaeTbca MeTOgOM KOe^^iemg nOnHTy [1, 12, 18], aae gaa ^OrO caig 
pO3paxyBaTH BCTaHOBaeHe (HOMrnaabHe) HaBama^eHHa 3araabHOrO OCBnaeHHa 
^ x y  Pycm.o, aKe öiabm tohho BH3HaaaeTbca CBnaOTexmaHHM pO3paxyHKOM 
(MeTOgOM KOe^i^eHTa BHKOpacTaHHa CBnaOBOrO nOTOKy). y  nOnepegHix pO3pa- 
xyHKax BCTaHOBaeHe (HOMrnaabHe) HaBaHTa^eHHa 3araabHOrO OCBnaeHHa ^ x y  
MO^Ha BH3HanHTH 3a ^OpMyaOro:
ApK.
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Pycm.o =  k - V n . ü  - P -  10 3 , (2.31)
ge k - Koe^i^eHT, aKHH RpaxoRye noTy^HicTb nycKOBHx npnaagiR 3aae^Ho 
Big g^epeaa cRiTaa (gaa aaMn po3^aproRaHHa npHHMaeTbca k =  1,0; gaa aaMn 
THny ^PQ k = 1,1; gaa QQ HH3bKoro THcKy cTapTepHHx k =  1,2, öe3cTapTepHHx - 
k =  1,35);
Pn .o  - nHTOMa ycTaHOBaeHa noTy^HicTb 3araabHoro ocRiTaeHHa, Bt/m2 
F  - naorn,a, aKa nigaarae ocRiTaeHHro, m2 (po3Mipn öepyTbca 3 naaHy). 
n p n  RHÖopi g^epeaa cRiTaa gaa 3araabHoro RHVTpiniHboro ocRiTaeHHa 
caig BHKopHCTOByBaTH nepeRa^Ho ra3opo3pagm aaMnn 3 Haööiabmoro cRiTaoRoro 
Riggaaero.
Po3paxyHKoRe aKTHRHe HaRaHTa^eHHa 3araabHoro ocRiTaeHHa ^ x y  
RH3HaaaeTbca aK:
Pp.O =  P n .ü  ' Pycm.O, (2-32)
ge K n 0 - Koe^^ieHT nonm y 3araabHoro ocRiTaeHHa.
^ a a  rhpoöhhhhx öygiReab, rn,o cKaagaroTbca 3 oKpeMHx npuMimeHh, 
npHHMaeTbca Koe^i^eHT nonm y 3araabHoro ocRiTaeHHa ^ n0 = 0,85, gaa 
oKpeMHx ReaHKHx nporoHiR - ^ n 0 = 0,95, gaa HeBeaHKHx rhpoöhhhhx öygiReab - 
P n .o =  1
Po3paxyHKoRe peaKTHBHe HaRaHTa^eHHa 3araabHoro ocRiTaeHHa ^ x y  
RH3HaaaeTbca TaK:
Qp .o =  Pp .o ' t p f i o , (2-33)
ge tg<p0 RignoRigae 3HaaeHHro Koe^i^eHTa noTy^HocTi co s  0 O3aae^Ho Big 
RHgy (THny) g^epeaa cRiTaa.
n p n  ^oM y Koe^^ieHT aKTHRHoi noTy^Hocri gaa aaMn po3^aproRaHHa 
npHHMaeTbca piRHHM co s  0 O=1,0, gaa QQ HH3bKoro THcKy co s  0 O = 0,95, gaa QQ 
RHcoKoro THcKy THny ^PQ co s  0 O = 0,5.
Po3paxyHKoRe noBHe HaRamg^eHHa 3araabHoro ocRiTaeHHa ^ x y  
RH3HaaaeTbca 3a ^opMyaoro:
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Sp .o =  J P p .o 2 +  Qp .o 2 • (2 -34)
n p u  ^oM y po3paxyHKOBHH CTpyM BH3HanaeTbca aK:
ip .0 =  (2.35)
V ^  u  HOM
Pe3ynbTaTH po3paxyHKiB HaBogaTbca b Taönu^ 2.2.
Bn3HaneHHH po3paxyHKOBoro HaeaHTjm'eHHH 3arantH oro
e^eKTpHHHoro ocBimeHHH HacocHoi
- po3Mipu npuMimeHHa: 18 m x 30 m.
- po3Mipu BigKpuToro MangaHHHKa rpagupm 24 m x 18 m
- aK g^epena cBiraa npunMaroTbca naMnu THny ^P-4.
Po3paxyHOK. ,3,na naMn THny ^ P ^ , aKi BHKopucTOByroTbca gna ocBiTneHHa 
HacocHoi, npunMaeTbca nnTOMa ycTaHoBneHa noTy^mcTb 3aranbHoro ocBiTneHHa 
P p .o =15 Bt/ m2 , Koe^i^ eHT k  = 1,1.
,3,na naMn Tnny ^ P ^ , aKi BHKopncTOByroTbca gna ocBiTneHHa BigKpnToro 
MangaHHHKa rpagupm, npnnMaeTbca nuTOMa ycTaHoBneHa noTy^mcTb 
3aranbHoro ocBiTneHHa pP 0 =10 Bt/m2 , Koe^i^eHT k  = 1,1. YcTaHOBneHe 
(HOMiHanbHe) HaBaHTa^eHHa 3aranbHoro ocBiTneHHa BH3HanaeTbca 3a ^opMynom
(2.31)
Pycm.o =  (1,1 • 15 • 18 • 30 • 1 0 -3) +  (1,1 • 10 • 24 • 18 • 10“ 3) =
=  8,91 +  4,752 =  13,66 Kßm.
Koe^^ieHT nonury 3aranbHoro ocBiTneHHa npunMaeTbca gna HeBenuKux 
bhpoöhhhhx öygiBenb Kn 0  = 1.
Po3paxyHKoBe aKTHBHe HaBaHTa^eHHa 3aranbHoro ocBiTneHHa ^ x y  
BH3HanaeTbca 3a ^opMynom (2.32)
Ppo  =  1 • 13,66 =  13,66 Kßm .
^n a  naMn THny ^ P ^  npunMaeTbca Koe^i^eHT aKTHBHoi noTy^H ocr 
cos 0 O = 0,5, aKoMy BignoBigae Koe^^ieHT peaKTHBHoi noTy^HocTi tg<p0 =1,73.
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Po3paxyHKOBe peaKTHBHe HaBaHTa^eHHa 3arantHoro ocBiraeHHa ^ x y  
BH3HanaeTbca 3a ^opMynoro (2.33)
Qp n  =  13,66 • 1,73 =  23,64 KBAp.
HaBaHTa^eHHa aBapiÖHoro ocBrraeHHa, b 3ane^HocTi Big TexHonorinHoro 
pe^HMy poöoth, npHHMaeTbca 15% Big 3arantHoro 3a ^opMynoro (2.33)
PPA = 13,66 • 0,15 =  2,05 Kßm .
Qpa  =  23,64 • 0,15 =  3,55 KBAp.
3arantHe po3paxyHKOBe HaBaHTa^eHHa ocBrraeHHa:
P0 =  Pp.o +  PPA =  13,66 +  2,05 =  15,71 Kßm .
Qo =  Qpo +  Qpa  =  23,64 +  3,55 =  27,18 Kßm .
Po3paxyHKOBe noBHe HaBamg^eHHa 3arantHoro ocBrraeHHa ^ x y  
BH3HanaeTbca 3a ^opMynoro (2.34)
SP 0 =  V 15,712 +  27,182 =  31,39 kBA.
Po3paxyHKOBHH CTpyM 3arantHoro ocBiraeHHa ^ x y  BroHanaeTbca 3a 
^opMynoro (2.35)
.  3 1 , 3 9  . _  _  .
Ip  0 =  V f ^  =  47,7 A .
Pe3y^bTaTH po3paxyHKiB HaBogaTtca B TaÖHH^ 2.2.
2.5. Bn3HaneHHH po3paxyHKOBoro HaeaHTimeHHA T n
Po3paxyHKOBe HaBaHTa^eHHa Ha mHHax HH T n  (TpeTrn piBeHb 
e^eKTponocTanaHHa) HeoöxigHe gna BHÖopy HOMmanbHOi noTy^HOCTi 
TpaHC^opMaTopiB i po3paxyHKy noTy^Hoeri npHCTpoi'B KoMneHca^i peaKTHBHoi 
noTy^HOCTi cno^HBana.
ß o  po3paxyHKoBHx aKTHBHoro Pp j  i peaKTHBHoro Qp 3  HaBaHTa^eHb 
chhobhx E n  cmg gogaTH po3paxyHKoBi aKTHBHe Pp.o i peaKTHBHe Qp.o 
HaBaHTa^eHHa 3arantHoro poöonoro ocBrraeHHa Ta aBapiÖHoro ocBrraeHHa
(Pp.a.05 Qp.a.ü) .
npH oÖHHCHeHHi 3arantHoro po3paxyHKoBoro HaBamg^eHHa T n  3 
ypaxyBaHHaM po3paxyHKoBoro HaBaHTa^eHHa 3arantHoro eneKTpHHHoro
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ocBrraeHHA ^ x y  npHHMaeTbcg Koe^i^eHT ogHonacHocri 3ÖiraHHg MaKCHMyMiB 
HaBaHTa^eHHa KO=1,0.
Heoöxigm po3paxyHKoBi gam öepyTtcg 3 nig.p03g.iniR 2.3 i 2.4.
3arantHe po3paxyHK0Be aKTHBHe HaBaHTa^eHHg T n  BH3HanaeTbcg 3a 
^opMynoro:
Pp.m =  Pp.3 + Po (236)
3arantHe po3paxyHK0Be peaKTHBHe HaBaHTa^eHHg T n  Mo^Ha BH3HanHTH 
ak:
Qp.m =  Qp. 3 +  Qo (2.37)
TaKHM hhhom, 3arantHe po3paxyHKoBe noBHe HaBaHTa^em T n  Mo^Ha 
BH3HaHHTH TaK:
Sp.m  =  J P 2p.m  +  Q2p.Tn (2.38)
npH ^oM y po3paxyHKoBHH CTpyM:
W  =  , (2 .39)V ^  u  HOM
ge UHOM - HoMiHantHa Hanpyra eneKTpHHHoi Mepe^i go aöo noHag 1 kB.
Po3paxyHOK. 3arantHe po3paxyHKoBe aKTHBHe HaBaHTa^eHHg T n  
BH3HanaeTbcg 3a ^opMynoro (2.36)
Pp.Tn =  163 +  15,71 =  178,71 KBm.
3arantHe po3paxyHKoBe peaKTHBHe HaBamg^eHHg T n  BH3HanaeTbcg 3a 
^opMynoro (2.37)
Q p ^m  = 131,88 +  27,18 =  159,06 KBAp.
3arantHe po3paxyHKoBe noBHe HaBaHTa^eHHg T n  BH3HanaeTbcg 3a 
^opMynoro (2.38)
SpJTn  =  V 178,712 +  159,062 =  239,24 kBA ,
a po3paxyHKoBHH CTpyM 3 öoKy HH T n  3a ^opMynoro (2.39)
W  =  | S  =  363,49 A -
Pe3yntTaTH po3paxyHKiB HaBog^Ttcg b TaönH^ 2.2.
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1 2 3 4 5 6 7 8
H 1-H 4 Hacocu
MiKpOflOÖaBOK
4 2,2 8,8 0,75 0,8 0,75
H 5-H 6 Hacocu
MiKpOflOÖaBOK
2 1,5 3 0,75 0,8 0,75
H 7-H 12 Hacocu
MiKpOflOÖaBOK
6 1,1 6,6 0,75 0,8 0,75




3 4 12 0,95 0,8 0,75
H 16-H 18 Hacocu Mima^OK 3 1,5 4 ,5 0,95 0,8 0,75
M 1-M 3 M iw arnu 3 7,5 22,5 0,95 0,7 1,02




8 5,5 44 0,8 0,8 0,75




2 22 44 0,95 0,8 0,75
H 29-H 30 Hacocu ^opcyHOK 2 11 22 0,95 0,8 0,75
B 1-B 2 BeHTMflflTOpM
rpagupHi
2 7,5 15 0,95 0,7 1,02
B cb o ro  no ^ C 4 6 81 0,95
3 -m piBeHb 35 182,40 0,89
p oö one  ocBiTneHH» 13,66 0,5 1,7
aBapiMHe ocBiTneHHfl (15% )
OcBiTneHHA B cboro  (m a $ a  W O )
y c b o ro
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a . §a .
<Dc
reX  dCQ u j
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Po3paxyHKOBa n o iy ^ H ic T b  
a k ^ o n e>10 to  k=1, a k ^ o 
n e<10 to  k=1,1
00 ^  o  <







9 10 11 12 13 14 15 16
6,60 4,95 19,4 4 ,18
2,25 1,69 4,5 2,85
4,95 3,71 7,26 2,09
13,80 10,35 10 1 13,80 10,35 17,25 26,21
11,40 8,55 48 7,60
4,28 3,21 6,75 2,85
21,38 21,81 169 14,24
37,05 33 ,56 6 1 37 ,05 33 ,56 49 ,99 75 ,95
35,20 26 ,40 242 10,45
35,20 26 ,40 8 1 35 ,20 26 ,40 44 ,00 66 ,85
41,80 31 ,35 968 41 ,78
20,90 15,68 242 20 ,89
14,25 14,54 113 14,24
76,95 61 ,56 4 1 76 ,95 61 ,56 98 ,55 149,73
163,00 131,88 16 1 163,00 131,88 209 ,67 318 ,56
13,662 23 ,64 27 ,30 41 ,48
2,05 3,55 4,09 6,22
1 15,71 27 ,18 31 ,39 47 ,70
178,71 159,06 239 ,24 363 ,49
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2.6. Po3paxyHOK niKoeux CTpyMiB
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niKOBHH CTpyM rpynu E n  Hanpyroro go 1 kB BH3HanaeTtCtf aK [8]
/ =  I  +  y r 1/ ' (2 40)
ge InycKMaKC- HaööintmHH 3 nyCKoBHx CTpyMiB ogHoro E ^  y rpyni 3a 
nacnopTHHMH gaHHMH;
V^-1 Ihom~ cyMapHHH HoMrnantHHH CTpyM rpynn E n  6e3 ypaxyBaHHa 
HOMmantHoro CTpyMy HaHÖintmoro 3a noTy^HiCTro E ^.
niKOBHH CTpyM Big rpynn Öintme n'aTH E n  Hanpyroro go 1 kB npn 
aKTHBHo-iHgyKTHBHoMy HaBaHTa^eHHi 3 goCTaTHtoro TonmCTTO Mo^Ha 
BH3HanHTH aK apn^MeTHHHy CyMy HaHÖintmoro 3 nyCKoBHx CTpyMiB E ^  y rpyni 
Ta po3paxyHKoBoro CTpyMy BCix E n  rpynn Öe3 HoMiHantHoro CTpyMy E ^  3 
HaööintmHM nyCKoBHM CTpyMoM npu TB =1 [3]
^niK ^nycKMaKC +  U p .2 ĤOMMaKCX (2-41)
ge /p.2- po3paxyHKoBHH CTpyM yCix E n  rpynu (po3paxyHKoBHH CTpyM 
gpyroro piBHa eneKTponoCTaaaHHa);
k B - Koe^i^eHT BHKopHCTaHHa E ^  3 HaööintmHM nyCKoBHM CTpyMoM; 
IH0M.MaKC- HoMiHantHHH CTpyM E ^  3 HaööintmHM nyCKoBHM CTpyMoM npu
TB=1.
HaMöintmi nyCKoBi CTpyMH E ^  /nycKMaKCgna gaHoi rpynu BHÖHparoTtCa 3 
TaÖHH^ 2.1.
niKoBHH CTpyM rpynH E ^ , aKi BMHKaroTtCa ogHonaCHo, gopiBHroe CyMi 
nyCKoBHx CTpyMiB ^Hx E ^.
niKoBa (nyCKoBa) noTy^HiCTt BH3HanaeTtCa TaK:
^ niK(nycx) U"3  " ^ hom " ^niK(nycK) , (2.42)
ge /niK - niKoBHH CTpyM, aKHÖ BH3HanaeTtCa 3a ^opMynaMH (2.40) i (2.41), a 
nyCKoBHM CTpyM InycK 3a ^opMynoro (2.12).
^ k npunag, po3paxyeMo niKoBi CTpyMH Big E n  pagiantHoi niHii go ^ C 3  
gna CxeMH, aKa HaBegeHa Ha puCyHKy 2.1.
Big CPm 4 ^HBaaTtca, BignoBigHO, 6 HacociB ^ ia tT p a^ i TexHoaoriHHoi 
Bogn H12-H17. HaönoTy^mmHH eaeKTponpHHMaa ^ e i  rpynu E n  -  PHOMg= 
11,0kBt, Koe^i^eHT aKTHBHoi noTy^HocTi cos <p= 0,8, Koe^i^eHT BHKopHcraHHa 
kß - 0,5.
HoMiHanbHHH crpyM E ^  3 HaöömbmHM nycKoBHM crpyMoM npu TB = 1 i 3a 
BigcyTHocTi nacnopTHHx gaHHx E ^  gaa ^ e i  rpynu E n  BH3HanaeTbca 3a 
^opMyaoro (2.11)
i i/ =  =  23 21 Al noMMCiKc V3-0,38-0,8-0,9 23,21
a öoro nycKoBHH crpyM 3a ^opMyaoro (2.12)
InycKMaKC =  5 • 23,21 =  116,05 A.
3 nigpo3giny 2.2 po3paxyHKoBHH crpyM gpyroro piBHa eaeKTponocTaaaHHa 
gaa E n  C Pm 4 Ip 2 = 70,15 A.
niKoBHH CTpyM Big rpynn öiatm e n'aTH E n  BH3HaaaeTbca 3a ^opMyaoro
(2.41)
lniK = 116,05 +  (70,15 -  0,5 • 23,21) =  174,64.
ÄHaaoriaHo po3paxoByroTtca niKoBi crpyMH rnmax rpyn E n .
T a ö a a ^  2.3 - Po3paxyHoK niKoBHx HaBaHTa^ern
Ha3Ba









IniK, ACTpyM I h o m , A
nyCKOBMM CTpyM 
InycK.Max, A
^ C 1 26,21 195,19 26,21 0,75 192,12
^ C 2 75 ,95 48 ,23 75 ,95 0,95 115,02
^ C 3 66 ,85 79 ,13 66 ,85 0,80 133,32
^ C 4 149,73 132 ,64 149,73 0,95 257 ,16
m o 47 ,70 132,18 47 ,70 1,00 127,01
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npH BHÖopi noTy^HOCTi TpaHc^opMaiopiB T n  cnig BpaxoByBaTH ix 
HaBaHTa^yBantHy 3gaTHicTt.
noTy^HiCTb TpaHC^opMaTopiB T n  BHÖHparoTt 3a po3paxyHKoBHM
HaBaHTa^eHH^M. OcKmtKH boho Ha mHHax 0,38 kB HaneHTt go 3-ro piBHa 
eneKTponocTanaHHa i BroHanaeTtca 3a cepegHto3MiHHHM HaBamg^eHHaM 3a 
Haöörntm 3aBamg^eHy 3MiHy, to ha yMoBa BHKoHyeTtca, ToMy rn,o noipoeHa 
nocTiHHa nacy TpaHc^opMaiopa (3To = 3-2,5 = 7,5 rog) nopiBH^Ha 3 ipHBanieiro
3MiHH.
noiy^HiCTb TpaHC^opMaiopa BHÖHparoTt 3 ypaxyBaHH^M HeoöxigHoro 
pe3epByBaHHa Bcix E n  1-i Kaieropii HagiÖHocTi Ta ochobhhx E n  2-i Kaieropii b 
pe3yntTaii poöoTH aBTOMaTHHHoro BMHKaHHa pe3epBy (ABP) Ha ce^iÖHoMy 
aBToMaii (KoHTaKTopi) aöo BMHKaHHi pe3epBHoi nepeMHHKH Big cycigHtoi nC .
MimMantHa noTy^HicTt TpaHC^opMaiopiB öyge b ToMy BHnagKy, kohh 
nepe3 hhx peaKTHBHa noTy^HicTt He nepegaeTtca, a noBHiciro KoMneHcyroTtca 
Ha CTopoHi go 1 kB. ^  öasoBHH BapiaHT, npn aKoMy po3paxyHKoBe peaKTHBHe 
HaBaHTa^eHHa T n  Qp pTn gopiBHroe BCTaHoB^eHHro Bciei noiy^H ocii 
HH3tKoBo^tTHHx KoHgeHcaiopiB (HK) Qhk.
n p n  Tptox i MeHme TpaHC^opMaiopax ix HoMrnantHy noTy^HicTt 
BHÖnparoTt 3a po3paxyHKoBHM aKTHBHHM HaBaHTa^eHH^M 3 ypaxyBaHH^M
npHHHaioro Koe^i^eHTa 3aBaHTa^eHHa TpaHC^opMaiopa PT 3a eMnipHHHoro 
^opMynoro [5,18]
SmM.r > S Hm<J.P = ^ , kBA (3.1)
ge SH0M.Tp- noBHa HoMrnantHa po3paxyHKoBa noTy^HicTt TpaHC^opMaiopa;
Pp.Tn- cyMapHe po3paxyHKoBe aKTHBHe HaBaHTa^eHHa T n  3 nigpo3gmy 2.6; 
N  - KintKicTt TpaHc^opMaiopiB Tn.
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BHÖHpaeTtca HaöögH^ga öigtm a CTaHgapTHa HoMiHagtHa noTy^HicTt 
TpaHC^opMaTopa [2].
3.1. Bnßip ch^ obhx TpaHC^opMaTopiB gg a HacocHoi' CTaH^i'
nepBHHHa Hanpyra TpaHC^opMaTopa 6 kB.
^epe3 Te ro,o E n  Hage^aTt go 2-i KaTeropii HagiÖHocTi, npHHMaeTtca 
gBOipaHc^opMaTopm  K T n i Koe^^ ieHT 3aBaHTa:*eHHfl ipaHc^opMaTopa ß T= 0 , l .
3a ^opMygoro (3.1)
Sm,,.T > s„0„ j f  = = 170,89 kBA.
BnÖHpaeMO TpaHC^opMaTop 3 HoMiHagtHoro noTy^HicTro SH0M.T =  250 kBA  
Tuny TMT-250/6/0,4 (3 ro^poBaHHMH CTiHKaMH öe3 po3muproBagtHoro öaKa).
3.2. Bn3HaneHHH noTy^HOcri KOHgeHcaTopHHx ycTaHOBOK 0,4 kB
OcKigtKH b öigtmocTi BunagKiB SH0M . T >  SH0M . T. p, to nepe3 BHÖparn 
TpaHC^opMaTopn 6/0,4 kB gonig hHo nepegaBaTH peaKTHBHy noTy^HicTt Big ii 
g^epeg 6 kB y Mepe^y Hanpyroro go 1 kB gga 3aöe3neneHHg öa^aHoro 
K oe^i^em g 3aBaHTa^eHHA ^ T. Ug peaKTHBHa noTy^HicTt BH3HagaeTtcg ak [8]
Qt  =  V '  ßr  ' $hom.t) 2 — P2prn,KBap- (3 2)
^Krn,o nig KopeHeM BegHHHHa 3i 3HaKoM MiHyc, to npHHMaroTt QT = 0.
noTy^HiCTt HK 3 HoMiHagtHoro Hanpyroro 0,4 kB BroHanaeTtca TaK:
Qh .k  =  Q p rn —  Qt , KBap, (3 3)
ge Qp.m —  cyMapHe po3paxyHKoBe peaKTHBHe HaBaHTa^eHHA T n  3 
nigpo3gigy 2.6, KBAp.
^Kro,o Qh k  < 0, to BCTaHoBgroBaTH KoHgeHcaTopu 3 HoMiHagtHoro 
Hanpyroro 0,4 kB He noTpiÖHo.
^Kro,o ^xo B a ^HBHgtHa Mepe^a BHKoHyeTtca TigtKH KaöegaMH, to 
KoMngeKTHi KoHgeHcaTopHi ycTaHoBKH (KKY) peKoMeHgyeTtca npnegHyBaTH go 
muH po3nogigtHoro npucTporo HH ^ xoboi n C  [4]. ^gg 3aerocyBaHHA
ApK.
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npHHMaeTtca HafiöaH^Ha CTaHgapTHa BeaHHHHa noTy^HocTi KKY Qh.k.ct, aKa
BHÖHpaeTtca 3i cne^aatH oi TexHiHHoi niTepaTypH (KaTaaoriB 3aBogiB- 
BHroTOB^roBaniB) Ta 3 TaöaH^ .H. 2 gogaTKa .H [2]. n p n  gBOx TpaHC^opMaTopax 
Ha n C  KiatKicTt KKY Mae öyTH napHoro.
HeKOMneHCOBaHy peaKTHBHy noTy^HicTt BH3HanaroTt 3a ^opMyaoro:
QmcK Qh.k QH.K.cm. (3.4)
BnÖHpaeMo HeoöxigHy noTy^Hiert KKY, aKa npnegHarn go mHH HH
3a ^opMyaoro (3.2) Hepe3 TpaHC^opMaTop 3 Koe^i^emoM  3aBaHTa^eHHa 
TpaHC^opMaTopa ^ t = 0,7 3i CTopoHH 6 kB y Mepe^y Hanpyroro go 1 kB 
nepegaeTtca TaKa peaKTHBHa noTy^HicTt:
Qt =  V(2 • 0,7 • 2 5 0 )2 -  178,712 =  300,94 KßÄp.
3a ^opMyaoro (3.3) noTy^Hiert HK 3 KoHgeHcaTopaMH HoMrnaatHoro 
Hanpyroro 0,4 kB:
Qh k  = 159,06 -  300,94 =  -1 4 1 ,8 8  KßÄp.
Qh k  < 0, to BCTaHoB r̂oBaTH KoHgeHcaTopn 3 HoMrnaatHoro Hanpyroro 0,4 
kB He noTpiÖHo.
4. Buöip nepepi3y npOBigHHKiB
y  gamfi poöoTi öaKaaaBpa BHÖopy nignararoTt nepepi3H TaKHx npo- 
BigHHKiB:
- Kaöeatrn nimi Hanpyroro 6kB, aKi 3'egHyroTt TpaHC^opMaTopn ^ xobhx 
n C  3 mHHaMH P n ;
- yciei CHaoBoi ^HBHatHoi Mepe^i go 1 kB;
- po3nogmbHoi Mepe^i Mepe^i Big ^ C  go E n .
Bnöip nepepi3y npoBigHHKiB, aK i napaMeTpiB rnmnx eaeMemiB CHaoBoi 
Mepe^i, Mae BignoBigaTH ix poöoTi b HopMaatHoMy, ^opcoBaHoMy 
(nepeBaHTa^eHHa) i aBapifiHoMy (K3) pe^HMax CEn.
Bnöip nepepi3y npoBigHHKiB y 3araatHoMy BHnagKy BH3HaaaeTtca 3a 
eKoHoMiHHoro rycTHHoro CTpyMy, HarpiBaHHaM, BTpaTaMH fi BigxnaeHHaMH
ApK.
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Hanpyru, eneKTpoguHaMiHHoro CTiHKicTro h MexaHiHHoro M^HicTro (npupogHO, 
rn,o i3ona^a npoBigHHKiB Mae BignoBigaTu Knacy Hanpyrn) [8, 14].
4.1. Bnöip nepepi3y K ^  6 kB
Buöip nepepi3y KaöentHoi mmi Hanpyroro 6 kB 3giHCHroeTtca 3a 
HopMantHHM pe^uMOM HaBamg^eHHa, a nepeBipKa BuöpaHoro nepepi3y - 3a 
MaKCuMantHUM pe^uMOM HaBamg^eHHa i Ha CTiHKicTt 3a aBapiHHUM pe^uMOM. 
nepeBipKy 3a yMOBaMu KopoHu, a TaKO^ Ha MexaHiHHy M^HicTt ^ u n  KaöeniB 
poöm u He noTpiÖHO, 6o MiHiManbHHH nepepi3 anroMiHieBoi ^u n u  gna KaöeniB 
eraHOBHTb 2,5 mm2, MigHoi —  1,5 mm2, rn,o BignoBigae MiHiMantHOMy nepepi3y 
npoBigHHKa.
4.1.1. Bnöip K ^  3a HopMantHHM pe^HMOM
n p u  Buöopi nepepi3y Kaöenro, aKUH ^uBUTt T n  3 TpaHC^opMaTopoM 
(TpaHC^opMaTopaMn) 6/0,4 kB, aK CTpyM HopMantHoro pe^uMy Ihopm npu 
pagiantHiH cxeMi He3ane^HO Big Hucna TpaHC^opMaTopiB ^ T ^  (oguH aöo gBa) 
npuHMaeTtca HOMiHantHUH nepBUHHUH CTpyM TpaHC^opMaTopa, aKUH 
BH3HaaaeTtca 3a nacnopTHUMu gaHUMu TpaHC^opMaTopa 3a ^opMynoro:
f _  f — Sh°m.t a (4 1)1hopm 1hom.T.1  , ,  v 1' - 1 /V3-UHom.T.1
ge SHom T- HOMiHantHa noTy^HicTt TpaHC^opMaTopa, kBA;
UHomT.i - HOMiHantHa nepBUHHa Hanpyra TpaHC^opMaTopa, kB.
Ekohommho BHrigHHH nepepi3 KaöeniB BU3HaHaeTtca aK:
SeK — ^ ,m M  , (4.2)
J e K
ge IHOpM - CTpyM HopMantHoro pe^uMy, A;
JeK - HopMOBaHe 3HaaeHHa eKOHOMiHHO BurigHoi rycTUHu CTpyMy, A/mm2. 
Po3paxyHKOBHÖ eKOHOMiHHO BHrigHHH nepepi3 SeK OKpyrnaeTtca go 
Hanönu^Horo öintm oro aöo MeHmoro CTaHgapTHoro nepepi3y SCT, mm2.
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y  pe^HMi MaKCHMaabHoro HaBaHTa^eHHa KaöeaiB gonyCTHMHH gaa gaHoro 
Kaöearo CTpyM 3 ypaxyBaHHaM yMoBH npoKaagKH Ta BigxnaeHHa napaMeTpiB 
HaBKoanmHboro CepegoBHrn,a Big CTaHgapTHHx yMoB IgonTa Koe^i^em iB 
gonycTHMoro nepeBama^eHHa Knep, aK HaBogaTbCa b TaöaH ^x 1.3.1 i 1.3.2 
n y 3 ,  nopiBHroroTb 3i CTpyMoM öoro ^opCoBaHoro pe^HMy I 0 3 ypaxyBaHHaM 
K oe^i^em a pe3epByBaHHa Kpe3:
1
K n e p  " I d o n  — I 0  Kp e 3  " IH o p M >A , (4 .3)
n p n  npoeKTyBaHHi y BHxigHHx gaHHx He 3agaeTbca rpa^iK HaBama^eHHa 
E n  ^ x y ,  ToMy mh npHHMaeMo Koe^^ieHT gonyCTHMoro nepeBaHTa^eHHa Knep = 
1.
^onycTHMHH TpHBaaHH CTpyM gaa KaöeaiB Hanpyroro 6 kB 3 ypaxyBaHHaM 
yMoB npoKaagKH Ta BigxnaeHHa napaMeTpiB HaBKoanmHboro CepegoBHrn,a Big 
CTaHgapTHHx yMoB npn ix TpHBaaoMy xapaKTepi BH3HaaaeTbca TaK:
1
I d o n  K ce p  " K n p  "1d o n >A , (4.4)
ge K ce p - nonpaBonHHH Koe^i^eHT Ha TeMnepaTypy HaBKoanmHboro 
cepegoBHrn,a, aKrn,o BoHa BigMiHHa Big CTaHgapTHoi(TaöaH^ 1.3.3 n y E );
K n p  - nonpaBKoBHH Koe^^ieHT Ha KiabKiCTb KaöeaiB, rn,o ae^aTb nopya y 
3eMai (TaöaH ^ 1.3.26 n y E );
I d o n  - gonycTHMHH TpHBaaHH CTpyM npoBigHHKa CTaHgapTHoro nepepi3y gaa 
CTaHgapTHHx yMoB (gaa ogmei oKpeMoi aimi; CTaHgapTHHx TeMnepaTyp gaa 3eMai 
Ta Bogn +15°C i +25°C gaa noBiTpa) 3aae^Ho Big MaTepiaay ^ n a , ix i3oaa^i, 
CnoCoöy npoKaagaHHa, A (TaöaH^).
Koe^^ieHT nonpaBKH Ha TeMnepaTypy HaBKoanmHboro CepegoBHrn,a KCep 
Mo^Ha TaKo^ oÖHHCaHTH 3a ^opMyaoro:
K Ce p  = / Ä  (4.5)
^  *CW.H T ce p .H
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ge T ^h, TcepH- HopMOBam TpaBaao gonycTaMi TeMnepaTypa ^ a a a  Ta 
cepegoBarn,a BignoBigHo;
Tcep - ^aKTHHHa TeMnepaTypa HaBKoaamHtoro cepegoBarn,a (y gam a poöori 
npaaMaeTtca 3aae^Ho Big peaatHax gaHax).
T a ö a a ^  4.1 - gonycTHMi TeMnepaTypa npoBigHaKiB y HopMaatHoMy, 
^opcoBaHOMy Ta aBapifiHoMy pe^aMax










- go 1 kB 80 125 200
- 6 kB 65 100 200
- 10 kB 60 90 200
Kaöeai i npoBogu 3
i3oaagiero: 55 100 150
- ryMOBoro 3BMnaMHoro 65 110 150
- ryMOBoro TenaocTiMKoro 70 90 150
- noaiBiHiaxaopugHoro 70 80 120
- noaieTuaeHoBoro
gonycTHMi TeMnepaTypa HarpiBaHHa npoBigHaKiB 3aae^aTb Big ix 
KoHCTpy^ii Ta pe^aMy (T aö a a^  4.1).
CTpyM ^opcoBaHoro pe^aMy I@ gaa gBoTpaHC^opMaTopHax n C  3 
pe3epByBaHH^M Mm cycigHiMa n C  3a gonoMororo KaöeatHax nepeMaaoK npa 
Hanpy3i go 1 kB npaaMaeTtca Kpe3 =1,3, npa pe3epByBaHHi 3a gonoMororo maH- 
hux nepeMaaoK HH —  Kpe3 =1,4, 6e3 pe3epByBaHHa —  Kpe3 = 1,0 3a Bigcyraocri 
gaHux.
y  pa3i HeBUKoHaHHa yMoBa 3a ^opMyaoro (4.3) HeoöxigHo npafiHaTa HoBe 
3HaaeHHa H aaöaa^aoro öiatm oro CTaHgapTHoro nepepi3y Kaöearo, m,oö BoHa 
BUKoHyBaaact.
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n p n  Hanpy3i noHag 1 kB Kaöeai, axi 3axHrn,aroTbca 3anoömHHKaMH, Ha 
TepMiHHy CTiHKiCTb npn K3 He nepeBiparoTbca.
TepMiHHa 3gaTHicTb Mo^e öyTH o^HeHa HaÖMeHmHM nepepi30M Kaöearo 
(mm2), TepMOCTiHKHM go CTpyMiB K3, ax:
c _  4bK _  _  iK^t 2 (4 6)^MIH c (2 C ’MM , (4,6)
ge Bk - TenaoBHH iMnyabc CTpyMy K3, A2c;
C - TeMnepaTypHHH Koe^^ieHT, aKHH BpaxoBye oÖMe^eHHa gonycTHMoi 
TeMnepaTypn Kaöearo (HaBogHTbca b goBigHHKax), Ac1/2 /mm2;
IK =  In.o - nonaTKOBe 3HaHeHHa nepiogHHHoi cKaagoBoi CTpyMy 
Tpn$a3Horo K3, A;
t - giHCHHH Hac BHMHKaHHa K3, c.
BeaHHHHa gificHoro Hacy BHMHKaHHa K3 t  cxaagaeTbca 3 Hacy gii 
ocHoBHoro peaefiHoro 3axncTy (P3) t 3ax. Hacy BHMHKaHHa BHMHKana t BHMHK.B 
(Mo^Ha npHHHSTH teuMUK.e= 0,05 c) i cTaaoi Hacy anepiogHHHoi cKaagoBoi cTpyMy 
K3 (Ta = 0,05 c)
 ̂ 3̂ax +  tßUMUK.e +  Ta’ c, (4-7)
Ha aiHiax go ^ T n , axi BigxogaTb Big mHH P n , 3acTocoByeTbca 
gBocTyneHeBHH cTpyMoBHH P3, aKHH cxaagaeTbca 3i cTpyMoBoi BigciHKH (CB) i 
MaKcHManbHoro cTpyMoBoro 3axncTy (MC3).
Ochobhhm 3axncTOM gaa pagiaabHHx cxeM ^HBaeHHa ^ T ^  6e3 EA Ha 
BBogi go TpaHc^opMaTopa (rayxHH BBig) npn kopotkhx aiHiax, rn,o xapaKTepHo 
gaa npoMHcaoBHx nignpneMcTB, e CB. y  ^oM y BHnagKy gificHHH Hac BHMHKaHHa 
K3 Mo^Ha npHHHaTH t = 0,2c.
Ochobhhm 3axncTOM gaa MaricTpaabHHx cxeM ^HBaeHHa ^ T ^  e MC3.
,3,aa ogHocTyneHeBoi cxeMH npn MaricTpaabHoMy ^HBaeHHi ^ T ^  Big mHH 
,3,^ gificHHH Hac BHMHKaHHa K3 Mo^Ha npHHHaTH t =0,6c.
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^Kffl,o nicnfl po3paxyHKy 3a ^opMynoro (4.6) BHKoHyeTbca yMOBa 
ScT > Smin, to 3anHmaeTbca CTaHgapTHHH nepepi3 Kaöenro. Akttto b pe3ynbTaTi 
po3paxyHKy Sct < Smin , to HeoöxigHo npnfiHflTH HOBe HafiönH^ne öinbme 
3HaneHHA cTaHgapraoro nepepi3y Kaöenro Sct > Smin. Kaöenb MapKH AAEh 
3acTocoByroTb gocHTb n a c m  BiH Mae anroMirneBi ^ hhh, nanepoBy npoconeHy 
Macno-Karn^onbHoro Macoro i3on^iro, anroMimeBy oöonoHKy, öpoHboBaHHfi 
gBoMa cTaneBHMH cTpinKaMH Ta 3oBHimHifi noBepxHeBHfi nomBimnxnopHgHHfi 
noKpHB.
Bußip nepepi3y Kaße^ro Hanpyroro 6 kB Big P n  go T n
HoMiHanbHa noTy^HicTb TpaHc^opMaTopa Shom.t = 250 kBA. Pe3epByBaHHa 
Ha cTopoHi nepegßaneHe. K T n po3TamoByeTbca B npnßygoBaHoMy go ßygiBm 
HacocHoi cTaH^i npHMimeHHi. Big K T n ^HBHflTbca E n  2-i KaTeropii. ToMy 
npHHMaeTbca KinbKicTb rogHH BHKopncTaHHa MaKcHMyMy HaBaHTa^eHHa 3a piK 
TMaKc = 5000 rog/piK, Koe^i^eHT gonycTHMoro nepeBamg^eHHA Kaßenro Knep =1, 
MapKa Kaßenro AAEh, TeMnepaTypa HaBKonnmHboro cepegoBHmg (3eMni) Tcep - 
20 °C, nonaTKoBe 3HaneHHA nepiogHHHoi cKnagoBoi cTpyMy TpH$a3Horo K3 y 
MaKcHMa^bHoMy pe^HMi Ha muHax P n  In  o = 6 kA.
Po3paxyHoK. 3a ^opMynoro (4.1) BH3HanaeTbca HoMrnanbHHfi nepBHHHHfi 
cTpyM TpaHc^opMaTopa:
W i  =  ^  = 24,06 A.
KaßemB i3 nanepoBoro i3on^iero 3 anroMimeBHMH ^HnaMH npu TMaKc = 
5000 rog/piK eKoHoMiHHa rycTHHa cTpyMy JeK =1,2 A/mm2. 3a ^opMynoro (4.2) 
eKoHoMiHHo BHrigHHH nepepi3 Kaöenro B HopManbHoMy pe^HMi poöora:
_  2 4 , 0 6  c  2SeK = ------=  20,05 mm .eK 1 , 2
BnÖHpaeTbca Hafiö^H^HHH ömbmHH cTaHgapranfi nepepi3 Kaöenro ScT = 35
2MM .
npH HopMoBaHifi TpHBano gonycTHMifi TeMnepaTypi Kaöenro MapKH AAEh 
Hanpyroro 6 kB T*.h = 65 °C, HopMoBaHifi ipHBano gonycTHMifi TeMnepaTypi
ApK.
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cepegoBHrn,a Tcep h = 15 °C i ^aKTHHHrn TeMnepaTypi HaBKoHHmHboro 
cepegoBHrn,a rcep = 20 °C Koe^i^eHT nonpaBKH Ha TeMnepaTypy HaBKoHHmHboro 
cepegoBH^a 3a ^opMyHoro (4.5)
K cep = = 0 ,9 5 .
c ep ^  6 5 - 1 5
3 TaÖHH^ 1.3.3 nY E  Koe^^ieHT nonpaBKH Ha TeMnepaTypy 
HaBKoHHmHboro cepegoBHrn,a K cep = 0,94.
Koe^^ieHT, rn,o BpaxoBye KiHbKicTb KaöemB npn npoKnag^ KaöeHro 
BcepegHHi npHMirn,eHHfl ^ x y  npHHMaeTbca Knp = 1.
n p n  npoKnag^ b 3eMHi gHa Tpn^HHbHHx KaöemB MapKH AAEh Hanpyroro 
6kB i nepepi3oM ^ hhh 35 mm2 gonycTHMHH TpHBanHH cTpyM I^on= 121 A. 3a 
^opMyHoro (4.4)
ldon = 0,95 • 1 • 121 =  114,95A.
3a BHxigHHMH gaHHMH pe3epByBaHHa Ha cTopom HH nepegöaneHe, ToMy 
npHHMaeTbca Koe^i^eHT gonycTHMoro pe3epByBaHHa Kpe3 = 1,4.
YMoBa nepeBipKH nepepi3y KaöeHro b pe^HMi MaKcHMaHbHoro 
HaBaHTa^eHHa 3a ^opMyHoro (4.3) BHKoHyeTbcm
1 • 114,95 =  114,95 A > 1,4 • 24,06 =  33,68 A.
114,95 A > 33,68 A
^ ha KaöemB 3 anroMimeBHMH cy^HbHHMH ^HHaMH i nanepoBoro i3oH^iero 
npn Hanpy3i 6 kB npHHMaeTbca TeMnepaTypHHH Koe^^ieHT C = 92 Ac1/2/ mm2.
^ ha pagiaHbHoi' cxeMH ^HBHeHHa K T n 6e3 EA Ha BBogi go 
TpaHc^opMaTopa (rayxHH BBig) npn kopotkhx mmax giöcHHH nac BHMHKaHHa K3 
npHHMaeTbca t = 0,2 c.
HaHMeHiiiMM nepepi3 KaöeHro, akhh e TepMocTiHKHM go cTpyMiB K3, 
BH3HanaeTbca 3a ^opMyHoro (4.6)
n 6 0 0 0 ^ 0 ,2  nri „ ^  2Smh =  —   =  29,166 .
TaKHM hhhom, S ct = 35 mm2 > Smin = 29,166 mm2, ToMy BHÖHpaeTbca KaöeHb 
AAEh- 6  (3x35).
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4.2. Baöip nepepi3y npOBigHHKiB MepeKi yKHB êHHM 0,4 kB
Ochobhom yMoBoro Baöopy nepepi3y npoBigHaKiB e BeaaaaHa HarpiBaHHa 
ix eaeKTpaaHaM CTpyMOM y HopMaatHoMy, ^opcoBaHOMy Ta aBapiaHoMy 
pe^aMax. ^Krn,o TeMnepaTypa HarpiBaHHa nepeBarn,aTt gonycTaMy, to 3aae^Ho 
Big BeaaaaHa nepeBHffl£HHfl a  TpaBaaocTi aacy eaeMeHT MO^e öyTa 
nomKog^eHHH, rn,o cnpaaaHaTt nopymeHHa HopMaatHoi poöoTa cacTeMa, a b 
ripmoMy BanagKy (3aropaHHa i3oaa^i) Mo^e npa3BecTa go n o ^ e^ i. ToMy gaa 
Bcix BagiB npoBigHHKiB Ta yMoB ix 3acTocyBaHHa roaoBHaM y Baöopi nepepi3y e 
HarpiBaHHa, aKe Ba3HaaaeTtca gBoMa e^eKTaMa TenaoBoro BnaaBy: MaKcaMaatHo 
gonycTHMoro TeMnepaTyporo Ta TenaoBaM 3hocom i3oaa^i gaa gaHoro pe^aMy a  
Kaacy i3oaa^i.
^ k KpaTepia gonycTHMocTi Toro hu iHmoro pe^aMy 3a HarpiBaHHaM 
BHKopHCToByroTt cyMapHaa BnaaB Ha CTpoK cay^öa npoBigHaKa MaKcaMaatHoi 
TeMnepaTypa a  TpaBaaocTi 3Hocy i3oaa^i 3a po3raaHyTaa nepiog. n p a  pi3Kax 
niKax HaBaHTa^eHHa öiatm y Heöe3neKy CTaHoBHTt Mo^aaBicTt nepeBarn,eHHa 
MaKCHMaatHo gonycTHMoi TeMnepaTypa, aKrn,o rpa^iK HaBaHTa^eHHa 
piBHoMipHaa, Öiatmy Bary Mae CKaagoBa TenaoBoro 3Hocy i3oaa^i. rpaHUHHo 
gonycTUMa TeMnepaTypa HarpiBaHHa npoBigHaKiB HaBegeHa b T aöaa^  4.1.
Baöip nepepi3y KaöeaiB
Baöip nepepi3y Kaöearo npu HarpiBaHHi b HopMaatHoMy pe^aMi noaarae y 
BU3HaaeHHi TaKoro MiHiMaatHoro nepepi3y, aKaa gonycKae CTpyM He MeHme 
po3paxyHKoBoro:
hon ^  h-2’A  (48)
ge Ip.2 - po3paxyHKoBaa cTpyM 2-ro piBHa eaeKTponocTaaaHHa. 
^onycTUMaa TpaBaaaa cTpyM gaa KaöeaiB 3 BpaxyBaHHaM yMoB 
npoxaageHHa Ta BigxaaeHHa napaMeTpiB HaBKoaamHtoro cepegoBarn,a Big 
cTaHgapTHax yMoB npa ix goBroTpaBaaoMy xapaKTepi Ba3HaaaeTtca 3 
ypaxyBaHHaM K oe^^iem a nonpaBKa Knonp TaK:
ApK.
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l don K cep " Knp " Knonp "1don >A , (4 -9)
g e  Knonp = 0,92 (n o n p a B K O B H H  K o e ^ ^ i e H T  Knonp y B o g H T t c a  n p n
B H 3 H a n e H H i  Idon g a a  n o T H p H ^ H a t H H x  K a ö e a i B  3 n a a c m a c o B o r o  i 3 o a a ^ e r o  
H a n p y r o r o  g o  1 kB, a K r n ,o  g o n y c T H M i  T p H B a a i  c T p y M H  B 3 a i i  3 T a ö a n ^  1.3.7 n Y 3  
a K  g a a  T p H ^ H a t H H x  K a ö e m B .
,3,aa KaöeaiB, npoKaageHHx y noBiTpi BcepegHHi aöo no3a ^ xom, 3a öygt- 
aKoi ix KiatKOCTi Koe^i^eHT nonpaBKH Knp =1, HopMOBaHa TeMnepaiypa 
cepegoBH^a Tcep= 25 °C.
B n ö i p  n e p e p i 3 y  M m e  3a  y M o B  g o n y c T H M o r o  H a r p i B a H H a  n p r o B o g H T b  g o  
B e a H K H x  B T p a T  a K T H B H o i  n o T y ^ H o c T i  T a  3 H a a H H x  B T p a T  H a n p y r a . ,3 ,a a  
o c T a i o a H o r o  B H Ö o p y  n e p e p i 3 y  K a ö e a r o  c a i g  n p o B e c r a  B c i  n e p e B i p K H  B i g n o B i g H o  
g o  B H M o r  n y E : 3a  y M o B  g o n y c T H M o i  B T p a r a  H a n p y r n  T a  B i g n o B i g H o c i i  g o  
3 a x u c H o r o  a n a p a T a .
O o p c o B a H H H  p e ^ H M  b e a e K T p H H H H x  M e p e ^ a x  H a n p y r o r o  g o  1 kB ö y B a e  
g o c H T b  p i g K o .
B T p a T a  H a n p y r n  b K a ö e a a x  y  B i g c o T K a x  B H 3 H a n a e T b c a  a K :
AU*6 = ,%  (4.10)
U  HOM
g e  P p2 i  Qp 2  - M a K c n M a a t H i  p o 3 p a x y H K o B i  a K T H B H e  i  p e a K T H B H e  
H a B a H T a ^ e H H a  2- r o  p iB H a  e a e K T p o n o c i a a a H H a  B i g n o B i g H o , kBt i  K B A p ;
Rk6 i XKg- a K T H B H H H  i  p e a K T H B H H H  o n o p n  K a ö e a r o  B i g n o B i g H o , Om;
UHOM - H o M i H a a t H a  H a n p y r a  e a e K T p n n H o i  M e p e ^ i , kB.
äkthbhhh i  p e a K T H B H H H  o n o p n  K a ö e a r o  o ö a n c a r o r o T b  3a  ^ o p M y a a M n :
^ k6 5i " k̂6 , (4.11)
Xkö Xn • Ik6, (4.12)
g e  rn  i  xn - a K T H B H H H  i  p e a K T H B H H H  n m o M i  o n o p n  K a ö e a r o  B i g n o B i g H o , 
Om/km (H a B o g a T t c a  b g o B i g H H K a x );
Ik6- g o B ^ H H a  K a ö e a r o , km.
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TaKHM hhhom, ocTaTOHHO 3a yMoBaMH HarpiBaHHa BHÖHpaeTbca iwme toh 
nepepi3 Kaöearo, gaa aKoro TpHBaaHH gonycTHMHH cTpyM öyge öiabmHH y 
^opMyai (4.9), a TaKo^ BHKoHyroTbca yMoBH gonycTHMoi BTpaTH Hanpyrn h 
BignoBigHOCTi go 3axHCHoro anapaTa.
n p n  BHÖopi nepepi3y KaöeaiB iHogi 3aMiCTb ogHoro Kaöearo öiabmoro 
nepepi3y go^abHo BHÖpaTH gBa (HaBiTb Tpn) Kaöeai MeHmoro nepepi3y, rn,o 
noaermye yMoBH npoKaageHHa. KpiM Toro, gonycTHMHH CTpyM Kaöearo öiabmoro 
nepepi3y MeHme Hm y gBox (Tpbox) KaöeaiB TaKoro caMoro cyMapHoro nepepi3y 
[2].
Po3paxyHOK nepepi3iB KaöeaiB ^HBHabHoi' Mepe^i
,3,aa Kaöearo MapKH A B B r 3 noaiBimaxaopngHoro i3oaa^ero 3 TaöaH^ 4.1 
HopMoBaHa TpHBaao gonycTHMa TeMnepaTypa ^HaH T*.h = 70 °C, HopMoBaHa 
TeMnepaTypa cepegoBHrn,a npn npoKaag^ b noBiTpi Tcep.H = 25 °C. Togi 3a 
^opMyaoro (4.5) Koe^^ieHT nonpaBKH Ha TeMnepaTypy HaBKoanmHboro 
cepegoBHrn,a:
T. 170-20 . _rK cev =  I-------=  1,05.cep ^  70-25
3 TaöaH^ 1.3.3 n Y 3  Koe^i^eHT nonpaBKH Ha TeMnepaTypy 
HaBKonnmHboro cepegoBHrn,a TaKo^ K cep = 1,05.
n p n  npoKaag^ Kaöearo BcepegHHi npHMirn,eHHa ^ x y  Koe^^ieHT nonpaBKH
K = 1J^np 1 .
3 TaöaH^ 2.2 po3paxyHKoBHH cTpyM 2-ro piBHa eaeKTponocTaaaHHa aimi, 
aKa ^HBHTb ^ C 3 ,  Ip2 = 66,85 A.
3 TaöaH^ [2] gaa Tpn^HabHoro Kaöearo npn npoKaageHHi b noBiTpi 3i 
cTaHgapTHHM nepepi3oM cTpyMonpoBigHoi ^ hhh S c t  = 35 mm2 gonycTHMHH 
cTpyM I^on = 98 A. 3a ^opMyaoro (4.9)
Idon =  1,05 • 1 • 0,92 • 98 =  94,673
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TaKHM hhhom, Idon =  94,67.4 >  / p 2 =  66,85 A.
YMoBa BHKOHyeTbca.
3 Taönu^ 2.2 po3paxyHKOBe aKTHBHe HaBamg^eHHa 2-ro piBHa 
eaeKTponocTanaHHa Pp2 = 35,2 KBm, po3paxyHKOBe peaKTHBHe HaBamg^eHHa 2- 
ro piBHa eaeKTponocTanaHHa Qp2 = 26,4 KBm.
3 Taßau^ [2] gaa Kaöearo 3 CTaHgapTHHM nepepi30M CTpyMonpoBigHoi 
^ u a u  Sct = 35 mm2 npuHMaroTtca TaKi nHTOMi onopu Kaöearo: rn= 0,894 mOm/m, 
xn = 0,0637 mOm/m. ^oB^HHa Kaöearo 1k6= 32 m. Togi 3a ^opMyaaMH (4.11) i 
(4.12)
Rk6 = 0,894 • 32 • 10“ 3 =  0 ,0 3 4 0 m.
Xk6 = 0,0637 • 32 • 10“ 3 =  0,0020m .
3a ^opMyaoro (4.10)
35,2-0,034+26,4-0,002ÄUk6 =  - =  0,93%.k6 10-0,382
OcKiatKu BeauHHHa BTpaTH Hanpyru b Kaöeai He nepeBumye gonycTHMoi 
(5 %), to nepepi3 Kaöearo BuöpaHHH npaBuntHo.
TaKHM hhhom, BuöupaeTbca hothph^ hhbhhh Kaöent ABBr-4x35.
nepepi3 KaöemB ^HBuntHoi Mepe^i go chhobhx ttthtib HacocHoi (^ C 1 , 
^ C 2 ,  ^ C 3 ,  ^ C 4 ,  fflO), BuöupaeTbca aHaaoriHHo, aK i go ^ C 3 .  Po3paxyHoK 
BTpaT Hanpyru TaKo^ npoBogurtca aHaaorinHo. Pe3yatTaTH po3paxyHKiB 
3BegeHo b Taßau^ 4.2.
T a ö a u ^  4.2 - BuSip nepepi3y KaöemB ^ hbhhbhoi Mepe^i giaaHoK
K a6eab  g o  ... S c t , MM2 1 g o n , A Ip 2 , A A U k 6 ,% Tun Ka6earo
floBMMHa,
M
f lo  m o 6 32 ,844 47,70 0,93 A B B r 4x6 16
f lo  ^ C 1 10 44 ,436 26,21 1,27 A B B r 4x10 42
f lo  ^ C 2 35 94 ,668 75,95 0,93 A B B r 4x35 38
f lo  ^ C 3 35 94 ,668 66,85 0,73 A B B r 4x35 32
f lo  ^ C 4 120 204 ,792 149,73 1,04 A B B r 4x120 63
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4.3. Bn6ip nepepi3y npOBigHHKiB po3nogmbHoi‘ Mepe^i 0,4 kB
B eaeKTpHHHHx Mepe^ax Hanpyroro go 1 kB nepepi3 npoBogy (Kaöearo) 
po3nogiabHHx Mepe^ 3aB^gH BHÖHparoTb 3a yMOBoro HarpiBaHHa b HopMaabHoMy 
pe^HMi 3a ^opMyaoro:
L n  > Ip.i ,A , (4.27)
ge Ip l  - po3paxyHKOBHH cipyM 1-ro piBHa eaeKTponocTanaHHa 
(HOMiHanbHHH cipyM En).
^onycTHMHH TpHBanHH CTpyM gaa npoBogiB Igon 3 noaiBimaxaopngHoro 
i3oaa^ero 3 aaroMimeBHMH ^HaaMH 3aae^Ho Big nepepi3y, cnocoöy 
npoKaagaHHa, KiabKocri npoBogiB y Tpyöi HaBogHTbca B TaöaH^ 1.3.5 nY E.
,3,aa ocTaTonHoro BHÖopy nepepi3y npoBogy caig npoBecTH Bci nepeBipKH 
BignoBigHo go BHMor nY E: 3a MexamaHoro M^HicTO, gonycTHMoro BTpaToro 
Hanpyrn. nepepi3 npoBigHHKiB npHHMaeTbca HaööiabmHM 3a BHrn,e HaBegeHHMH 
BHMoraMH.
3a yMoBoro MexarnaHoi Miu,HocTi MimMaabHHH nepepi3 aaroMirneBHx 
npoBogiB - 2,5 mm2, MigHux - 1,5 mm2.
BTpaTa Hanpyru B npoBogax y BigcoTKax BH3HaaaeTbca aK:
=  V' , - * ^ * * ,%  (4.28)1U U hom
ge p P1 i qP. 1- po3paxyHKoBi aKTHBHe i peaKTHBHe HaBama^eHHa 1-ro piBHa 
eaeKTponocTaaaHHa E n  BignoBigHo, kBt i KBap;
Rnp i Xnp - aKTHBHHH i peaKTHBHHH onopu npoBogiB BignoBigHo, Om;
Uhom - HoMrnaabHa Hanpyra eaeKTpHHHoi Mepe^i, kB.
A kthbhhh i peaKTHBHHH onopH npoBogiB oÖHHcaroroTb 3a ^opMyaaMH:
Rnp = rn - Inp, (4.29)
^np ^n " n̂p, (4.30)
ge rn i xn - aKTHBHHH i peaKTHBHHH nmoMi onopn Kaöearo BignoBigHo, 
Om/km (HaBogaTbca B goBigHHKax);
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l np - goB^HHa Ka6e.ro, k m .
Biioip npoeogie Big ^ C  go E n
npHHMaeMO MapKy 4-x ^H.bHoro Ka6e.ro A B B r, npoK.ageHHa Ka6e.iB y 
CTaneBiö Tpy6i, ^aKTHHHy TeMnepaTypy HaBKo.HmHboro cepegoBHrn,a Tcep=20 °C.
,3,.a Ka6e.ro MapKH A B B r 3 no.iBim.x.opHgHoro i3o .a^ero  3 Ta6.H ^ 4.1 
HopMOBaHa TpHBano gonycTHMa TeMnepaTypa ^ h. h T*.h =65°C, HopMoBaHa 
TeMnepaTypa cepegoBHrn,a npu npoK.ageHHi b 3eM.i Tcep.H =15°C. Togi 3a 
^opMy.oro (4.5) nonpaBKoBHH Koe^^ieHT Ha TeMnepaTypy HaBKo.HmHboro 
cepegoBH^a Kcep=0,95. 3 Ta6.H ^ 1.3.3 nY E  a6o nonpaBKoBHH Koe^^ieHT Ha 
TeMnepaTypy HaBKo.HmHboro cepegoBHrn,a TaKo^ Kcep=0,95.
n p u  npoK.ageHHi Ka6e.ro Bcepegnm npHMiro,eHHa ^ xy b  cTa.eBHx Tpyöax 
Koe^i^ eHT yMoB cepegoBHro,a Knp = 1, 6o b  goBigKoBHx Ta6.H^ x ypaxoByroTbca 
yMoBH npoKnagKH 3a.e^Ho Big Ki.bKocTi npoBogiB y Tpy6i.
,3,.a Hacocy H27 3 Ta6.H ^ 2.1 co s  <p= 0,8, KK^ (3rigHo gaHHx 3aBogy- 
BHpo6HHKa) npHHMaeTbca ^ H0Md =  0,905.
HoMiHa.bHHH cTpyM BH3HanaeTbca 3a ^opMy.oro (2.11)
1 d =  —— - ------- =  57,71 A.H0Md V3-0,38-0,8-0,95
3 KaTa.ory 3aBogy BHpo6HHKa ro^K a6e.b  (nacTo 6yBae, rn,o gam Ha 
KoHKpeTHy npogyKgiro KoHKpeTHoro BHpo6HHKa Bigpi3HaroTbca Big 3Ha.eHb 
nY E, ToMy npHHMeMo MeHmnfi gonycTHMHH cTpyM), g .a  ABBr-4x25 
gonycTHMHH cTpyM g .a  cTaHgapTHHx yMoB Igon= 80A. gonycTHMHH cTpyM 3 
ypaxyBaHHaM yMoB HaBKoanmHboro cepegoBHro,a h  yMoB npoK.ageHHa 
BH3HanaeTbca 3a ^opMy.oro (4.4)
Idon =  0,95 • 1 • 80 =  77,28 A.
3a ^opMy.oro (4.27)
hon =  77,28 A > IpA =  IHom. d =  57,71 A .
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YMoBa BHKOHyeTbCA.
YMOBa MexaHiHHoi m^ hoct TaKo^ BHKoHyeTtca (25 mm2 > 2,5 mm2).
3 T a ö a ^ i [2] gaa KaöeaiB 3i cTpyMonpoBigHoro ^naoro Sc t  = 25 mm2 
npHHMaroTbCA TaKi nuroMi onopu: rn= 1,25 mOm/m, xn = 0,0662 mOm/m. ^OB^HHa 
Kaöearo go Hacocy H27 lnp= 20 m. Togi 3a ^opMyaaMH (4.29) i (4.30)
Rnp =  1,25 • 20 • 10“ 3 =  0 ,0 2 5 0 m.
Xnp = 0,0662 • 17 • 10_3 =  0 ,0010m .
,3,aa HacociB npu t g $ H0M fl= 0,75, aKHH BignoBigae cos $ H0M d= 0,8, 3a 
^opMyaoro (2.8) po3paxyHKoBe peaKTHBHe HaBaHTa^eHHa nepmoro piBHa 
eaeKiponocTanaHHa:
qp l = 22 • 0,75 =  16, 5 KBAp.
BnöpaHHH CTaHgapTHHH nepepi3 npoBogy nepeBipaeTtca Ha BTpaTy 
Hanpyru 3a ^opMyaoro (4.28)
. . .  22•O,025 + 16,5•O,001 _ o r ,n/AUk6 =  -------------- ;------  =  0,38%.K0 10 0̂,382
OcKiabKH BeaHHHHa BTpaT Hanpyrn b npoBogi He nepeBHrnye gonycTHMoi 
(5 %), to nepepi3 npoBogy BHÖpaHHH npaBHatHo.
,3,aa npoKaagaHHa Kaöearo npu nigxogi go Hacocy, HeoöxigHo oöpara 
3axucHy MeTaaeBy Tpyöy BignoBigHoro giaMeTpy.
Pe3yabTaTH po3paxyHKiB HaBogaTtca b T a ö a ^ i 4.3.
naaH po3Mirn,eHHa eaeKTpuHHoi Mepe^i HacocHoi HaBegeHHH y gogaTKy E.
ApK.
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A B uryH a Knfl
H1 6 ,5 3 1 8 ,3 5 19 2 ,5 11 1 2 ,5 0 ,1 0 4 0 ,1 3 8 0 ,0 0 1 0 ,21 A B B r-4 x 2 ,5 A M P90L 4 0 ,8
H 2 6 ,5 3 1 8 ,3 5 19 2 ,5 13 1 2 ,5 0 ,1 0 4 0 ,1 6 3 0 ,0 0 1 0 ,2 5 A B B r-4 x 2 ,5 A M P90L 4 0 ,8
H 3 6 ,5 3 1 8 ,3 5 19 2 ,5 15 1 2 ,5 0 ,1 0 4 0 ,1 8 8 0 ,0 0 2 0 ,2 9 A B B r-4 x 2 ,5 A M P90L 4 0 ,8
H 4 6 ,5 3 1 8 ,3 5 19 2 ,5 17 1 2 ,5 0 ,1 0 4 0 ,2 1 3 0 ,0 0 2 0 ,3 3 A B B r-4 x 2 ,5 A M P90L 4 0 ,8
H 5 4 ,5 4 1 8 ,3 5 19 2 ,5 15 1 2 ,5 0 ,1 0 4 0 ,1 8 8 0 ,0 0 2 0 ,2 0 A B B r-4 x 2 ,5 A M P 80B 4 0 ,7 8 5
H 6 4 ,5 4 1 8 ,3 5 19 2 ,5 13 1 2 ,5 0 ,1 0 4 0 ,1 6 3 0 ,0 0 1 0 ,1 7 A B B r-4 x 2 ,5 A M P 80B 4 0 ,7 8 5
H7 3 ,4 3 1 8 ,3 5 19 2 ,5 11 1 2 ,5 0 ,1 0 4 0 ,1 3 8 0 ,0 0 1 0 ,11 A B B r-4 x 2 ,5 A M P 80A 4 0 ,7 6 2
H 8 3 ,4 3 1 8 ,3 5 19 2 ,5 13 1 2 ,5 0 ,1 0 4 0 ,1 6 3 0 ,0 0 1 0 ,1 2 A B B r-4 x 2 ,5 A M P 80A 4 0 ,7 6 2
H 9 3 ,4 3 1 8 ,3 5 19 2 ,5 15 1 2 ,5 0 ,1 0 4 0 ,1 8 8 0 ,0 0 2 0 ,1 4 A B B r-4 x 2 ,5 A M P 80A 4 0 ,7 6 2
H 10 3 ,4 3 1 8 ,3 5 19 2 ,5 17 1 2 ,5 0 ,1 0 4 0 ,2 1 3 0 ,0 0 2 0 ,1 6 A B B r-4 x 2 ,5 A M P 80A 4 0 ,7 6 2
H11 3 ,4 3 1 8 ,3 5 19 2 ,5 19 1 2 ,5 0 ,1 0 4 0 ,2 3 8 0 ,0 0 2 0 ,1 8 A B B r-4 x 2 ,5 A M P 80A 4 0 ,7 6 2
H 12 3 ,4 3 1 8 ,3 5 19 2 ,5 21 1 2 ,5 0 ,1 0 4 0 ,2 6 3 0 ,0 0 2 0 ,2 0 A B B r-4 x 2 ,5 A M P 80A 4 0 ,7 6 2
H 13 1 1 ,2 8 1 8 ,3 5 19 2 ,5 18 1 2 ,5 0 ,1 0 4 0 ,2 2 5 0 ,0 0 2 0 ,6 2 A B B r-4 x 2 ,5 A M P 100L 4 0 ,8 4 2
H 1 4 1 1 ,2 8 1 8 ,3 5 19 2 ,5 16 1 2 ,5 0 ,1 0 4 0 ,2 0 0 0 ,0 0 2 0 ,5 6 A B B r-4 x 2 ,5 A M P 100L 4 0 ,8 4 2
H 15 1 1 ,2 8 1 8 ,3 5 19 2 ,5 14 1 2 ,5 0 ,1 0 4 0 ,1 7 5 0 ,0 0 1 0 ,4 9 A B B r-4 x 2 ,5 A M P 100L 4 0 ,8 4 2
H 16 4 ,81 1 8 ,3 5 19 2 ,5 14 1 2 ,5 0 ,1 0 4 0 ,1 7 5 0 ,0 0 1 0 ,1 8 A B B r-4 x 2 ,5 A M P 100L 8 0 ,7 4
H 17 4 ,81 1 8 ,3 5 19 2 ,5 13 1 2 ,5 0 ,1 0 4 0 ,1 6 3 0 ,0 0 1 0 ,1 7 A B B r-4 x 2 ,5 A M P 100L 8 0 ,7 4
H 18 4 ,81 1 8 ,3 5 19 2 ,5 12 1 2 ,5 0 ,1 0 4 0 ,1 5 0 0 ,0 0 1 0 ,1 6 A B B r-4 x 2 ,5 A M P 100L 8 0 ,7 4
H 19 1 5 ,2 4 1 8 ,3 5 19 2 ,5 17 1 2 ,5 0 ,1 0 4 0 ,2 1 3 0 ,0 0 2 0 ,81 A B B r-4 x 2 ,5 A M P 112M 4 0 ,8 5 7
H 20 1 5 ,2 4 1 8 ,3 5 19 2 ,5 18 1 2 ,5 0 ,1 0 4 0 ,2 2 5 0 ,0 0 2 0 ,8 6 A B B r-4 x 2 ,5 A M P 112M 4 0 ,8 5 7
H21 1 5 ,2 4 1 8 ,3 5 19 2 ,5 31 1 2 ,5 0 ,1 0 4 0 ,3 8 8 0 ,0 0 3 1 ,4 8 A B B r-4 x 2 ,5 A M P 112M 4 0 ,8 5 7
H 22 1 5 ,2 4 1 8 ,3 5 19 2 ,5 3 2 1 2 ,5 0 ,1 0 4 0 ,4 0 0 0 ,0 0 3 1 ,5 3 A B B r-4 x 2 ,5 A M P 112M 4 0 ,8 5 7
H 23 1 5 ,2 4 1 8 ,3 5 19 2 ,5 16 1 2 ,5 0 ,1 0 4 0 ,2 0 0 0 ,0 0 2 0 ,7 7 A B B r-4 x 2 ,5 A M P 112M 4 0 ,8 5 7
H 2 4 1 5 ,2 4 1 8 ,3 5 19 2 ,5 17 1 2 ,5 0 ,1 0 4 0 ,2 1 3 0 ,0 0 2 0 ,81 A B B r-4 x 2 ,5 A M P 112M 4 0 ,8 5 7
H 25 1 5 ,2 4 1 8 ,3 5 19 2 ,5 2 6 1 2 ,5 0 ,1 0 4 0 ,3 2 5 0 ,0 0 3 1 ,2 4 A B B r-4 x 2 ,5 A M P 112M 4 0 ,8 5 7
H 26 1 5 ,2 4 1 8 ,3 5 19 2 ,5 2 7 1 2 ,5 0 ,1 0 4 0 ,3 3 8 0 ,0 0 3 1 ,2 9 A B B r-4 x 2 ,5 A M P 112M 4 0 ,8 5 7
H 27 5 7 ,7 1 7 7 ,2 8 8 0 2 5 2 0 1 ,2 5 0 ,0 6 6 0 ,0 2 5 0 ,0 0 1 0 ,3 8 A B B r-4 x 2 5 A M P 1 8 0 S 4 0 ,9 0 5
H 28 5 7 ,7 1 7 7 ,2 8 8 0 2 5 2 0 1 ,2 5 0 ,0 6 6 0 ,0 2 5 0 ,0 0 1 0 ,3 8 A B B r-4 x 2 5 A M P 1 8 0 S 4 0 ,9 0 5
H 29 2 9 ,5 4 3 2 ,8 4 3 4 6 18 5 ,21 0 ,0 9 0 ,0 9 4 0 ,0 0 2 0 ,7 2 A B B r-4 x 6 A M P 132M 2 0 ,8 8 4
H 30 2 9 ,5 4 3 2 ,8 4 3 4 6 18 5 ,21 0 ,0 9 0 ,0 9 4 0 ,0 0 2 0 ,7 2 A B B r-4 x 6 A M P 132M 2 0 ,8 8 4
M1 2 3 ,3 9 2 5 ,1 2 2 6 4 21 7 ,81 0 ,0 9 5 0 ,1 6 4 0 ,0 0 2 0 ,8 5 A B B r-4 x 4 A M P 132M 6 0 ,8 7
M2 2 3 ,3 9 2 5 ,1 2 2 6 4 21 7 ,81 0 ,0 9 5 0 ,1 6 4 0 ,0 0 2 0 ,8 5 A B B r-4 x 4 A M P 132M 6 0 ,8 7
M3 2 3 ,3 9 2 5 ,1 2 2 6 4 19 7 ,81 0 ,0 9 5 0 ,1 4 8 0 ,0 0 2 0 ,7 7 A B B r-4 x 4 A M P 132M 6 0 ,8 7
B1 2 3 ,3 9 2 5 ,1 2 2 6 4 15 7 ,81 0 ,0 9 5 0 ,1 1 7 0 ,0 0 1 0 ,61 A B B r-4 x 4 A M P 112M 2 0 ,8 7
B 2 2 3 ,3 9 2 5 ,1 1 6 2 6 4 15 7 ,81 0 ,0 9 5 0 ,1 1 7 0 ,0 0 1 0 ,61 A B B r-4 x 4 A M P 112M 2 0 ,8 7
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Bfioip miiHonpoeoga
KoMnaeKTHi mHHonpoBogn THny fflM A BHÖHparoTb 3a CTpyMOM 
$opcoBaHoro pe^HMy cuaoBoro rpaHC$opMaTopa, go aKoro bohh npnegHam, 3a 
$opMyaoro:
1 hom.ŴMA — 1 <ft Kpe3 " 1 hom.T.2> A  (4 -14)
ge Iunu.uiMA - HOMrnaabHHH CTpyM mHHonpoBogy;
1$ - CTpyM ^opcoBaHoro pe^HMy,
Kpe3 - Koe^i^eHT pe3epByBaHHa, aKHH BpaxoBye rpHBaae nepeBaHTa^eHHa
ipaHC^opMaTopa 3aae^HO Big KiabKOCTi rpaHC$opMaTopiB Ha n C  i yMoB 
pe3epByBaHHa Ha CTopom HH;
Ihom.t.2 - HOMrnaabHHH btophhhhh CTpyM rpaHC$opMaTopa.
HOMrnaabHHH btophhhhh crpyM rpaHC$opMaTopa BH3HaaaeTbca aK:
W z  =  y t r - , A, (4.15)
v  A '  U m M  . t . 2
ge ShomT- HOMiHanbHa noTy^rncTb rpaHC$opMaTopa, kBA;
UHßM.T2- HOMiHanbHa BTopHHHa Hanpyra rpaHC$opMaTopa, kB.
BnöpaTH nepepi3 fflMA, aKHH ^HBHTb E n  2-i KaTeropii HagiHHOCTi ^ x y .  
fflM A e npogoB^eHHaM po3nogiabHoro npncrporo HH gBOx-rpaHC^opMaTopHOi 
K T n 3 HOMiHaabHoro noTy^rncTro rpaHC$opMaTopiB Shom. T = 160 kBA. 
Pe3epByBaHHa Ha CTopoHi HH He nepegöaaeHe (Kpe3 = 1,4).
Po3paxyHOK. HoMiHaabHHH btophhhhh crpyM rpaHC$opMaTopa K T n 3a 
$opMyaoro (4.15)
=  v H ;  =  3 7 9 , 8 4 a .
3 [11] aöo TaöaH^ ^ .6  gogaTKa ^  [2] BHÖHpaeTbca mHHonpoBig THny 
fflMA4-1250-44-1Y3. 3a $opMyaoro (4.14)
Ihqm.m ma =  1250^ — 1^ =  l , 4 • 379,84 =  A.
YMoBa BHKOHyeTbca. B aKOCTi po3nogiabaoro npncrporo npHÖygoBaHoi T n  
naaHyeTbca BHKopncTaTH KOMnaeKTHHH HH3bKOBoabTHHH npncrpifi. ,3,aa
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KoMnneKTa^i m a$ HKY BHKopHCToByeTbCa BHCoKoaKiCHe CynaCHe
eneKTpooönagHaHHa Kparnux cBiTOBHx BHpoÖHHKiB TaKHx, aK Schneider Electric.
5. Po3paxyHOK CTpyMiB KOpOTKOrO 3aiVlHK'aHHfl
EneMemu C E n, aKi noTpannnn b KopoTKo3aMKHyTHH naH^ro^, 3a3HaroTb 
TepMiHHoro h eneKTpogHHaMiHHoro BnnHBy CTpyMiB. ^Krn,o BenHHHHa ^ o r o  
BnnHBy nepeBHrnye gonyCTHMy, eneMeHT ymKog^yeTbCa i 3aBgae C E n 3ÖHTKiB. 
^ o ö  3ano6irra ^oM y, Tpeöa:
a) BH3HannTH BenHHHHy CTpyMiB K3;
ö) nepeBipnTH gonycTHMiCTb ^HX CTpyMiB gna BHÖpaHHx EA i 
CTpyMonpoBigHHx nacTHH (aKrn,o CTpyMH BHaBnaTbCa öinbmi 3a gonyCTHMi, to 
noTpiÖHO BHÖpaTH eneMeHT, rn,o Mae öinbmy CTiHKiCTb aöo oÖMe^HTH CTpyMH 
mnaxoM 3ÖinbmeHHa rngyKTHBHoro onopy naH^ro^a);
b) po3paxyBaTH 3axncT gna ceneKTHBHoro BHMHKaHHa nomKog^eHoi 
ginaHKH.
BignoBigHo go BHMor nY E  rn,ogo pe^HMy K3 Ha CTiHKiCTb go BnnnBy 
CTpyMiB K3 B EY go 1 kB noBHHHi nepeBipaTHCa po3noginbHi m,HTH, 
CTpyMonpoBogn Ta CnnoBi ma^H.
^n a  BHÖopy i nepeBipKH CTiHKoCTi EA i CTpyMonpoBigHnx naCTHH go 
CTpyMiB K3 po3paxyHKy nignararoTb:
- Hanöinbme nonaTKoBe girone 3HaneHHa nepiogHHHoi CKnagoBoi CTpyMy 
Tpn$a3Horo K3 ln(0);
- ygapHHH CTpyM iy Tpn^a3Horo K3.
n p n  BHÖopi h nepeBip^ anapaTypn rn,ogo ii CTiHKoCTi go CTpyMiB K3 
po3paxyHKoBHM BBa^aeTbCa MaKCHManbHHH pe^HM, 3a aKoro CTpyMH K3 MaroTb 
MaKCHManbHi 3HaneHHa.
^n a  nepeBipKH nyTnHBoCTi po3paxyHKoBi yMoBH BignoBigaroTb 
HaHMeHmHM 3HaneHHaM CTpyMiB K3 y M i^ i yCTaHoBneHHa 3axHCTy (MimManbHHH
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pe^HM poöoTH ^HBHatHoi eHeproCHCTeMH, HaHÖiatma KiatKiCTb noCaigoBHo 
BBiMKHeHHx eaeMemiB Mm g^epeaaMH reH epa^i i tohkow K3).
YrncmgoK ^ o r o  gaa ^ a e ö  BHÖopy napaMeTpiB Cnpa^oByBaHHa 3axuCTy 
BH3HanaroTb Haööiabmi /K.MaKCi gaa nepeBipKH ayTHHBoCTi HaHMeHmi 
lKMiH3HaHeHHa nepioguHHoi CKaagoBoi CTpyMy b M i^ i K3 b eaeMeHTax Mepe^i, 
gaa aKOi npoeKTyeTtca 3axuCT. Po3paxyHOK 3gificHroeTbca gaa nonaTKOBoro 
MOMeHTy Hacy.
TaKHM hhhom, po3paxyHKoBHM BugoM K3 e:
- npu BHÖopi EA i npoBigHHKiB 3a ix CTiHKiCTro go gii CTpyMiB K3 - 
Tpn$a3He K3;
- npu BHÖopi 3axHCTy - Tptox- i ogHo$a3Hi K3 [2].
5.1. Po3paxyHOK CTpyMiB Tpn$a3Horo K3
3rnaeHHa CTpyMiB K3 b eaeKTpHHHHx Mepe^ax Hanpyrow go 1 kB 
BnaHBaroTb Ha BHÖip nepepi3y npoBogiB i ^ hh KaöeaiB, KoHCTpy^iro 
CTpyMonpoBogiB, xapaKTepHCTHKH KoMyTa^HHHx i 3axHCHHx anapaTiB. ToMy gaa 
3aöe3neaeHHa pa^oHaatHoro npoeKTyBaHHa BHyTpimHto^xoBoro
eaeKTponocTaaaHHa caig BHKoHaTH goCTOBipHHH po3paxyHoK CTpyMiB K3.
^ a a  BHÖopy anapaTypu i 3axHCTiB, nepeBipKH ceaeKTHBHocTi ix gii 
BH3HaaaroTb MaKCHMaatHHH CTpyM Tpn$a3Horo MeTaaeBoro K3, y ^oM y BHnagKy 
nepexigHi onopn gyrn He BpaxoByroTb. ^ a a  nepeBipKH ayTHHBoCTi 3axHCTiB 
3HaxogaTb MimMaatHHÖ CTpyM K3; npn ^oM y BpaxoByroTb yci nepexigHi onopn 
KoHTaKTiB (pyÖHabHHKiB, aBToMaTiB, yCTaBHHx KoHTaKTiB, ÖoHTOBHx 3'egHaHb) i 
onip gyru b M i^ i nomKog^eHHa maaxoM BBegeHHa b CxeMy 3aMirn,eHHa aK- 
THBHoro onopy.
n p u  po3paxyHKax CTpyMiB K3 b EY 3MiHHoro CTpyMy Hanpyrow go 1 kB 
gonyCKaeTbCa:
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1) 3aerocoByBaTH cnporn,em MeTogu po3paxyHKiB, AKrn,o i'x norpimmcTb He 
nepeBH^ye 10 %;
2) MaKCHMa^bHO cnpornyBaTH Ta eKBiBaneHTyBaTH Bcro 3oBHimHro Mepe^y 
rn,ogo M ic^  K3, rngHBigyaAbHo BpaxoByBaTH nnme aBTOHOMHi g^epena Ta EA, 
AKi 6e3nocepegrno npuegHam go M ic^  K3;
3) He BpaxoByBaTH cxpyMH HaMarainyBaHHA TpaHc^opMaTopiB;
4) He BpaxoByBaTH HacuneHHA Mararraux cucTeM eAeKTpuHHux MamuH;
Ao ocoö^HBOCTefi po3paxyHKy cxpyMiB K3 b eAeKTpuHHux Mepe^ax 
Hanpyroro go 1 kB Mo^Ha BigHecTH TaKe:
- po3paxyHKH go^AtHo npoBoguTH b iMeHoBaHux ogHHHgax;
- nonaTKoBe girone 3HaneHHA nepioguHHoi CKnagoBoi cxpyMy Tpu$a3Horo 
K3 Mo^Ha BBa^aTH He3MiHHHM In(0) =  / (3);
- aKTHBHi onopu egeMemiB AaH^ro^a K3 MaroTb cyxreBe 3HaneHHA i M o^yrt
HaBiTb nepeBepmyBaTH peaKTHBHi.
MeToguKa po3paxyHKy nonaTKoBoro gironoro 3HaneHHA nepioguHHoi 
CKnagoBoi cxpyMy K3 3age^HTb Big cnoco6y egeKTponocTanaHHA —  Big 
eHeprocHCTeMH hh Big aBToHoMHoro A ^ .
Po3paxyHoK CTpyMiB K3 nonuHaeTtcA 3i cKnagaHHA po3paxyHKoBoi cxeMH, 
cxeMH 3aMirn,eHHa h Bu6opy tohok K3. n p u  CKnagaHHi eKBiBaneHTHHx cxeM 
3aMirn,eHHa napaMexpu egeMemiB BuxigHoi po3paxyHKoBoi cxeMH cgig 
npuBoguTH go cTyneHA Hanpyru Mepe^i, Ha AKoMy 3HaxogmbcA ToHKa K3 [2].
TaK ak BigcyTHi gocToBipHi gaHi rn,ogo KoHTaKTiB i ix nepexigHux onopax, 
to npu oÖHHcneHHi cxpyMiB K3 ypaxoByeMo ix yMoBHHH cyMapHHH onip y 
Mepe^ax, AKi ^ hbaatbca Big TpaHc^opMaTopiB noTy^HicTro go 1600 kBA 
bkhtohho, 3rigHo 3 TaKHMH peKoMeHga^ AMH [4]:
а ) Ha po3nogmbHux npucxpoAx HH TpaHc^opMaTopiB n C  - R k i  = 15 mOm ;
б ) Ha nepBHHHux ^ xobhx po3nogigtHux nyHKTax (CPffl, 3ÖipKax) i Ha 
3aTucKanax EA, AKi ^ hbaatbca pagiagtHHMH gimAMH Big po3nogigtHux 
npucxpoiB HH n C  a6o rogoBHux MaricxpageH (fflMA) - R k2 = 20 mOm ;
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b) Ha BTopHHHHx ^ xobhx po3nogmtHHx nyHKTax i 3aTHCKanax EA, aKi 
^HB^ATbCfl Big nepBHHHHx po3nogmtHHx nyHKTiB -Rk3 = 25 mOm;
r) Ha 3aTHCKanax EA, ycTaHOB^eHHx 6e3nocepegHto y E n , aKi ^ hb-mtbc^ 
Big BTopHHHHx po3nogmtHHx nyHKTiB - Rk4 = 30 mOm [2].
ÄnropHTM BH3HaneHHfl CTpyMiB Tpn$a3Horo KopoTKoro 3aMHKaHH.a
BrornnaeMO CTpyM Tpn$a3Horo K3 y nonaTKoBHH MoMeHT nacy B 
e^eKTpHHHifi Mepe^i Hanpyroro ^ x y  B ToHKax K1, K1', K2, K2' i K3 g^a cxeMH Ha 
pncyHKy 5.1.
Bnxigm gaHi B3tfri 3 nonepegHix pe3y^bTaTiB po3paxyHKiB i HaBegeHi 
HH^ne.
CncTeMa: I„ ( 0 ) = 6 kA, Uhom.bh = 6 kB.
TpaHC^opMaTop THny TMr-250/6/0,4: Sh o m  t = 250 kBA; Uhom.bh = 6 kB;
Uhom.hh = 0,4 kB.
Cynacm aBTOMaTHHHi BHMHKani (BHpoÖHH^TBa «Schneider Electric» 
HiMenHHHa):
QF1 LZMN3-AE630-I: IH0Ma= 630 A;
QF2 EZC250N EasyPact: IH0MM= 160 A;
QF3 EZ9F34350 Easy9: IH0Ma= 50 A.
TpaHC^opMaTopn CTpyMy:
TA1 3 Koe^i^ernoM TpaHc^opMa^i 400/5;
KaSernm giHii':
M epe^a 6 kB - AAE^-3x35; W  = 120m;
M epe^a 0,4 kB - ABBr-4x120; W  = 63m;
Kaöe^b go Hacocy H27 - ABBr-4x25; W  = 20m..
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PncyHOK 5.1 - Po3paxyHKOBa cxeMa i cxeMa 3aMirn,eHHfl g.ra po3paxyHKy
CTpyMiB TpH^a3HOrO KOpOTKOrO 3aMHKaHH3
Po3paxyHOK. Ea3HCHa Hanpyra CTyneHa b e-neKTpHnmö Mepe^i Hanpyroro 
gO 1 kB
U6 = 1,05 • UH0MMH =  1,05 • 380 =  400ß.
1 eTan: Po3paxyHOK napaMeTpiB e^eMeHTiB cxeMH 3aMi^eHHH.
1) iHgyKTHBHHH Onip CHCTeMH, akhh npHBegeHHH gO CTyneHa HH, 
BH3HanaeTbca 3a $OpMy. r o ro:
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y r  U  H O M .C ep H H  4 0 0 2  ' I A A  S~\Xr =  -=-------- ------- =  -=--------- =  2,44mOm .
^ ■ I k B H ' U HOM.c e p B H  V 3 - 6 - 6 3 0 0
2) y  TaöaH^ M.11 gogaTKa M  [2] gaa KaöeabHoi aiHii Hanpyroro 6 kB 
(AAEa-3x35) nHTOMi onopu TaKi: rn = 0,894 mOm/m; xn = 0,087 mOm/m. 
Akthbhhh Ta rngyKTHBHHH onopu KaöeabHoi' aiHii, aK npHBegem go cTyneHa HH, 
BH3HaaaroTbca 3a ^opMyaaMH:
Rk6.i  = rn ■ = 0,894 ■ 1 2 0 =  6,811mOm ,
U  H O M .c e p B H  ° o U U
„  i ^HOM.cepHH „ — 4 0 0X k6.i  =  x n ■ Ik6.i t ,-----------=  0,087 ■ 1 2 0 — —  =  0,663mOmU HOM.cepBH 6 3 0 0
3) 3a nacnopTHHMH gaHHMH TpaHc^opMaTopa TMr-250/6/0,4KB 
npHHMaeTbca BTpaTH K3 Pk.hom = 3,7 kBt, Hanpyra K3 uk = 4,5 %. A kthbhhh Ta 
rngyKTHBHHH onopn npaMoi nocaigoBHocTi TpaHc^opMaTopa, aK npHBegeHi go 
CTyneHa HH, BH3HaaaeTbca 3a ^opMyaaMH:
RT =  Pk.h°m̂ J2homhh ■ 1 0 6  =  IZlM ! ■ 1 0 6  =  9,472mOm ;
1 S 2 h o m . T  2 5 0 2  '  ’
„  n Z1 0 0  ■ Pk.hOm\  U HOM.HH a „4XT =  u£ — I—  --------- ) ■ — ---------- 1 0  ̂ =^ ' ^ hom.T ' S’hom.T
„ /100  ■ 3,7\ 2 0 ,4 2=  4, 52 — (— ——— 1 ■ —— • 104 =  27,2mOm ^  \  250 /  250
4) 3 TaönH^ H.1 gogaTKa H [2] gaa aBToMaTa QF1 (630A) npHHMaeTbca
Ra.i = 0,41 mOm; Xa l  = 0,13 mOm.
5) 3 T aöan^ H.2 gogaTKa H [2] gaa TC (TA1) 3 Koe^^iemoM  
TpaHc^opMa^i 400/5 gaa Kaacy ToaHocTi 1 npHHMaeTbca Rtal = 0,11 mOm; Xtal 
= 0,17 mOm.
6) 3 Taöan^ H.1 gogaTKa H [2] gaa aBToMaTa QF2 (160A) npHHMaeTbca
Ra.2 = 1,3 mOm; Xa 2= 0,7 mOm.
7) 3 TaöaH^ M.11 gogaTKa M [2] gaa KaöeabHoi aiHii H anpyroe go 1 kB 
(ABBr-4x120) 3 ogHaKoBHM nepepi3oM nmoMi onopn TaKi: rn = 0,261 mOm/m; xn
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=  0 , 0 6 0 2  m O m /m . A k t h b h h h  T a  m g y K T H B H H H  o n o p u  K a ö e a b H o i  a i m i
B H 3 H a n a r o T b c a  3 a  ^ o p M y a a M H  ( 4 . 1 1 ) i ( 4 . 1 2 )
R k6.2 =  rn ' lKß.2 =  0 , 2 6 1  • 6 3  =  1 6 , 4 4 3  mOm ;
Xk6.2 =  x n • lK6.2 =  0 , 0 6 0 2  • 6 3  =  3 , 7 9 3  m Om .
8 )  3  T a ö a n ^  H . 1  g o g a T K a  H  [ 2 ]  g a a  a B T O M a T a  Q F 3  n p H H M a e T b C a
Ra.3 =  7  m O m ; Xa3 =  4 , 5  m O m .
9 )  3  T a ö a H ^  M . 1 1  g o g a T K a  M  [ 2 ]  g a a  K a ö e a b H o i  a i m i  H a n p y r o r o  g o  1 k B
( A B B r - 4 x 2 5 )  3  o g H a K o B H M  n e p e p i 3 o M  ^ H a  n m o M i  o n o p u  T a K i :
r n  =  1 , 2 5  m O m /m ; x n  =  0 , 0 6 6 2  m O m /m . A k t h b h h h  T a  m g y K T H B H H H  o n o p n  
K a ö e a b H o i  a i m i  B r o m n a m T b C a  3 a  ^ o p M y a a M H  ( 4 . 1 1 )  i  ( 4 . 1 2 )
R k63  =  r n  • 1k63  =  1 , 2 5  • 2 0  =  2 5  m Om ;
Xk63 =  x n • Ik6,3 =  0 , 0 6 6 2  • 2 0  =  1 , 3 2  mOm .
2  e T a n :  B r o r n n e H H a  g i r o a o r o  3 H a n e H H a  n e p i o g H H H o i  C K a a g o B o i  C T p y M y  
T p n ^ a 3 H o r o  K 3  y  n o n a T K o B H H  M o M e H T  ( n o n a T K o B o r o  H a g n e p e x i g H o r o  C T p y M y )  y  
p i3 H H X  T o n K a x  c x e M H .
1 )  B n 3 H a n e H H a  C T p y M y  T p n $ a 3 H o r o  K 3  y  t o h ^  K 1 .  C y M a p m  o n o p n  m , o g o  
t o h k h  K 1  B H 3 H a n a r o T b c a  T a K :
R £Ki =  R k6 i  +  ^ t =  6 , 8 1 1  +  9 , 4 7 2  =  1 6 , 2 8 3  m Om ;
XEK1 =  x c +  Xk6i  +  XT =  2 , 4 4  +  0 , 6 6 3  +  2 7 , 2  =  3 0 , 3  mOm ;
ZEK1 =  V^2£ki +  x 2iki  =  V 1 6 , 2 8 3 2 +  3 0 , 3 2 =  3 4 , 4  m Om
n o a a T K o B e  g i r o n e  3 H a n e H H a  n e p i o g H H H o i '  C K a a g o B o i  T p n $ a 3 H o r o  C T p y M y  
n p u  M e T a a e B o M y  K 3  B H 3 H a n a e T b C a  3 a  ^ o p M y a o m :
j  _  U ö  _  4 0 0    ^  n A  .
^ 1 ( 0 )  =  J 3 3 Z K 1  =  V 3 ^ 3 4 ,4  =  , .
2 )  B H 3 H a n e H H a  C T p y M y  T p n $ a 3 H o r o  K 3  y  t o h ^  K 1 ' .  C y M a p H i  o n o p u  m , o g o  
t o h k h  K 1 '  B H 3 H a H a r o T b C a  T a K :
R E k -l =  R z k i  +  ^ a i  +  ^ ta i  +  ^ K i  =  1 6 , 2 8 3  +  0 , 4 1  +  0 , 1 1  +  1 5  =  3 1 , 8 0 3  m Om ;
XÊ ^  =  XEk i  +  Xa  ̂ +  X{ai =  3 0 , 3  +  0 , 1 3  +  0 , 1 7  =  3 0 , 6  m Om ;
ZEKi =  V 3 1 , 8 0 3 2 +  3 0 , 6 2 =  4 4 , 3 4  m Om .
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nonaTKoBe girone 3HaneHHH nepiogHHHoi CKnagoBoi Tpn$a3Horo CTpyMy 
npn MeTaneBoMy K3 BH3HanaeTbCH 3a ^opMynoro;
!K i ( 0 )  =  r Uß = r ° °  = 5,21 kA.K 1  ( ü )  V 3 -Z S K 1  V 3 '4 4 ,3 4
3) BroHaneHHH CTpyMy Tpn$a3Horo K3 y toh^  K2. CyMapm onopn rn,ogo 
tohkh K2 BH3HanaroTbca TaK;
REX2 = Rzki + Ra2 + ^ k62 + ^ k2 =  16,283 +  1,3 +  16,443 +  20 =  54,03 m Om ; 
X£K2 =  ^ zk i +  Xa2 +  Xk62 =  30,64 +  0,7 +  3,79 =  35,14 m Om ;
ZE K 2  =  V 54,032 +  35,142 =  64,45 m Om . 
nonaTKOBe girone 3HaneHHH nepiogHHHoi CKnagoBoi Tpn$a3Horo CTpyMy 
npu MeTaneBoMy K3 BH3HanaeTbCn 3a ^opMynoro;
IK2(0) =  —^  =  400 =  3 , 5 8  kA.
Ä Z ( U )  V 3 -ZE K 2 V 3 -  6 4 ,4 5
4) Bn3HaneHHa CTpyMy Tpn$a3Horo K3 y toh^  K2'.
CyMapm onopu m,ogo tohkh K2' BH3HanaroTbca TaK;
REk 2' =  ^ zki +  ^a2 +  ^ k62 +  ^ K3 =  16,283 +  1,3 +  16,443 +  25 =  59,03 m Om ;
X E k 2  =  ^ z k 2  =  3 5 , 1 4 m O m ;
ZEK2 =  ^ R 2zk2' +  X 2Ek 2' =  V 59,032 +  35,142 =  68,69 m Om . 
nonaTKoBe girone 3HaneHHH nepiogHHHoi' CKnagoBoi CTpyMy npn 
MeTaneBoMy K3 BH3HanaeTbCn 3a ^opMynoro;
j _  Uö _  400   .
K 2  ( ° )  =  V 3 -ZE K 2 ' =  V 3 - 6 8 ,6 9  =  , '
5) BH3HaneHHH CTpyMy Tpn$a3Horo K3 y toh^  K3.
CyMapHi onopn m,ogo tohkh K3 BH3HanaroTbCn TaK;
^ZK3 ^ZKl +  ^a2 +  ^ k62 +  ^a3 +  ^np +  ^ k63
=  16,283 +  1,3 +  16,443 +  7 +  25 +  30 =  96,03 m Om ;
XEk3 =  XEk2 +  ^a3 +  Xnp =  35,14 +  4,5 +  1,32 =  40,96 m Om ;
ZE K 3  =  J R 2ZK3 +  X 2ZK3 =  V 96,032 + 4 0 ,9 6 2 =  104,4 m Om . 
nonaTKoBe girone 3HaneHHa nepiogHHHoi CKnagoBoi Tpn$a3Horo CTpyMy 
npn MeTaneBoMy K3 BH3HanaeTbCn 3a ^opMynoro;
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j  _  U ö  _  4 0 0  a
K3(0) = V3-ZEK3 ~  V3-104,4 _  ' '
Pe3yatTaTH po3paxyHKy CTpyMiB Tpn$a3HHx K3 y noaaTKoBHH MOMeHT aacy 
b eaeKTpHHHiö Mepe^i HacocHoi b po3paxyHKOBHx TOHKax 3BegeHi b TaöaH^ 5.1.
5.2. Po3paxyHOK CTpyMiB ogHO^a3Horo K3
OgHo$a3Hi K3 po3paxoByroTt gaa nepeBipKH HagiHHocTi BHMHKaHHa aiHii b 
pa3i npoöoro i3oaa^i Ta noaBH Ha Kopnyci ycTaTKyBaHHa noTeH^aay, BeaHHHHa 
aKoro Heöe3neHHa gaa ^ m r a  nepcoHaay. ToMy iHTepec CTaHOBHTb MimMaatHo 
MO^nHBa BeaHHHHa CTpyMy ogHo^a3Horo K3, aKa öyge HanpHKiH^ giaaHKH, rn,o 
3axH^aeTbca, ToMy rn,o ^ h cxpyM Mae öyTH gocTaTHiM gaa cnpa^oByBaHHa 
3axHCTy (3anoömHHKa, po3aenaroBaaa aBToMaTa aöo BHMHKaaa hh 3anoömHHKa B 
aaH^ro3i 6 kB, aKrn,o 3axncT y aaH^ro3i 0,38 kB HeayTaHBHH).
^Krn,o noTy^HicTb ^HBHatHoi eHeprocncTeMH 3HaHHa (Xc < 0,1 XT), 
nonaTKoBe giroae 3HaaeHHa nepiogHHHoi cKaagoBoi cTpyMy ogHo$a3Horo 
MeTaaeBoro K3 B eaeKTpHHHiö Mepern Hanpyroro go 1 kB "HHcTpyKTHBHbie 
MaTepaaaM ^aaB^oc^Hep^OHag3opa" peKoMeHgyroTt BH3HaaaTH 3a ^opMyaoro
(5.25)
ge U@ - $a3Ha Hanpyra Mepe^i, B;
ZnT- noBHHH onip neTai "^asa - Hyat" Big TpaHc^opMaTopa go tohkh K3, 
oÖMiproBaHHH npu icnHTax aöo 3HaögeHHÖ i3 po3paxyHKiB, mOm;
- noBHHH onip 3HH^yBaatHoro TpaHc^opMaTopa cTpyMaM 
ogHo^a3Horo K3, 3HaaeHHa aKoro 3aae^Ho Big noTy^HocTi Ta cxeMH 3'egHaHHa 
TpaHc^opMaTopiB npHHMaeTbca 3 TaöaH^ H.3 gogaTKa H[2] aöo BH3HaaaeTbca 
aK:
=  J ( R 1T +  R 2 T  + Ro t) 2 +  (X1T + X2T + X0T) 2 , (5.26)
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ge R1T i X1T - aKTHBHuH Ta iHgyKTHBHHH onopu TpaHc^opMaTopa cTpyMaM 
npaMoi nocaigoBHocri, mOm;
R2t =  R \t i X2t = %it  - Te caMe 3BopoTHoi nocaigoBHocri, mOm;
Rot i X0T —  Te caMe HyaboBoi nocaigoBHocri, mOm.
Onopu TpaHc^opMaTopa cTpyMaM HyaboBoi nocaigoBHocri 3HaaHoro Miporo 
3aae^aTb Big cxeMH 3'egHaHHa oömotok TpaHc^opMaTopa, ToMy peKoMeHgyeTbca 
cxeMa "TpuKyTHHK - 3ipKa 3 Hempaaaro" (A/Yh), y aKoi nopiBHaHo 3i cxeMoro 
"3ipKa - 3ipKa 3 Hempaaaro" (Y/Yh) cTpyM ogHo$a3Horo K3 Ha muHax HH (go 1 
kB) y 3 pa3H öiabmuH, rn,o cnpuae HagiHHoMy cnpa^oByBaHHro 3axucHux 
anapaTiB (aBToMarä).
^Krn,o ^HBuabHa eHeprocucreMa Mae oÖMe^eHy noTy^HicTb, to 3HaaeHHa 
3ÖiabmyeTbca 3 ypaxyBaHHaM onopy eHeprocucreMH [21]
Z™  =  V (ß 1T +  R2T + Rot + 2Rc) 2 +  (X1T + X2T + X0T + 2XC) 2 . (5.27)
Onip neTai "^aaa - Hyab" gaa aaH^ro^a 3 n nocaigoBHo 3'egHaHux gia aHoK 
BH3HaaaeTbca 3a ^opMyaoro:
%nT =  EILl zn.nm.i ’ h , (5.28)
ge z n.nT.i - nHTOMHH onip neTai "^asa - Hygb" Ko^Hoi HacTynHoi giaaHKH 
Big TpaHc^opMaTopa go tohkh K3, mOm/m (BeauauHH znnm/HaBegem b Taöauuax 
H.6-H.8 gogaTKa H [2], y goBigKoBux Ta mmux g^epeaax);
li - goB^HHa i-i giaaHKH, m.
Onopu KoHTaKTiB muH, anapaTiB, TC He BpaxoByroTbca, 6o oöaucaeHHa 3a 
^opMyaoro (5.25) gae geaKHH 3anac gaa cTpyMy BHacaigoK apu^MeTuaHoro
gogaBaHHa z P  /3 i ZnT.
CBHHgeBi oöoaoHKH KaöeaiB aK 3a3eMaroroai npoBigHHKH BHKopucToByBaTH 
He go3BoaaeTbca. ,3,aa Bu6yxoHe6e3neaHHx npuMirn,eHb Ha gonoMmrn 
npoBigHHKH 3aHyaeHHa (aaroMiHieBi oöoaoHKH KaöeaiB, craaeBi cMyru) y 
po3paxyHKoBin cxeMi He 3Ba^aroTb.
,3,aa öiabm ToaHoro BH3HaaeHHa crpyMiB ogHo$a3Hux K3, KpiM onopiB 
TpaHc^opMaTopa H 3oBHimHboi ^HBuabHoi Mepe^i, ypaxoByroTb cyMapHHH
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aKTHBHHH i mgyKTHBHHH onopn nerai "$a3a-Hynb", rn,o MicTaTt onopn 
muHonpoRogiR, anapaTiB i nepexigHHx onopiB, noHHHaronn Big HeÖTpaai 
3HH^yBaabHoro TpaHc^opMaTopa, a TaKo^ onip g y ru
3 ypaxyBaHHaM onopy Mepe^i noHag 1 kB (onopiB TpaHc^opMaTopa i 
^ hbh^bhoi Mepe^i Xc i Rc), nepexigHHx aKTHBHHx onopiB KoHTaKTiB i onopy 
gyru ^aKTHHHe 3HaneHHa CTpyMy ogHo$a3Horo K3 öyge MeHmHM, ToMy b pa3i 
HeoöxigHocTi öintm  tohhoto BH3HaneHHa CTpyMy (HanpHKaag, aKrn,o Horo 
Be^HHHHa öarotKa go ycTaBoK cnpa^oByBaHHa 3axHcry) 3a öygt-aKoi 
noTy^HocTi ^ hbh^bhoi eHeprocncTeMH KopncTyroTtca ^opMyaoro [21]
4 "  = . (5.29)
- j r + Z m
Be^HHHHa 3 ypaxyBaHHaM nepexigHHx aKTHBHHx onopiB KoHTaKTiB 
Rk = 15 mOm oÖHHcaroeTbca aK [2]
Z ? } = V C^iT +  ^2T +  Rot +  2^ c  +  3^ n ) 2 +  C^it  +  t +  Z 0T +  2ZC)2 .
(5.30)
BH3HanaeMo cTpyM ogHo$a3Horo K3 y TonKax K1, K2 i K3 gaa cxeMH Ha 
pncyHKy 5.2.
TpaHc^opMaTop THny TM r-250/6, cxeMa 3'egHaHHa oömotok
TpaHc^opMaTopa "TpHKyTHHK - 3ipKa 3 HeHTpaaaro" (A /Yh).
Kaöeabm aimi:
Kö2: ABBr-4x120; W  = 63m;
K aöeat go Hacocy H27: ABBr-4x25; lKÖ3 = 20m.
Po3paxyHoK. 3 TaöaH^ H3 gogaTKa H [2] gaa TpaHc^opMaTopa 3 
HoMmaatHoro noTy^HicTro 250 kBA  i cxeMoro 3'egHaHHa oömotok 
TpaHc^opMaTopa "TpHKyTHHK - 3ipKa 3 HeÖTpaaaro" (A/Yh) noBHHH onip cTpyMy
ogHo^a3Horo K3 z f p  = 86,3 mOm. 3a ^opMyaoro (5.25) cTpyM ogHo$a3Horo 
MeTaneBoro K3 b toh^  K1:
/ «  =  H  =  7,65 kA.3
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3 TaöaH^ H7 gogaTKa H [2] noBHi nmoMi onopn z^.̂ .̂ ^aH^ro^a "$a3a - 
Hyab" gaa HOTHpH^H^bHHx KaöeaiB Ta npoBogiB 3 aaroMirneBHMH ^HaaMH TaKi: 
n̂.nT.KÖ2 0,62 m0 m/m, Zn.nm.K63 2 ,96 m0 m/m.
noBHHH onip nerai "^asa-Hyab" go tohkh K2 BH3HanaeTbca 3a ^opMyaoro:
7 =  7  ■nm.2 nm.K62?
Znm.2 =  0,62 • 63 =  39,06 m Om .
PncyHoK 5.2 - Po3paxyHKoBa cxeMa i cxeMa 3aMirn,eHHa gaa po3paxyHKy 
CTpyMiB ogHo^a3Horo KopoTKoro 3aMHKaHHa
3a ^opMyaoro (5.25) CTpyM ogHo$a3Horo MeTaaeBoro K3 y toh^  K2:
/£1} =  s e ^  = 3 ,2 4  kA.
K  —^-+39,063
noBHHH onip nerai "^asa - Hyab" go tohkh K3 BH3HaaaeTbca 3a 
^opMyaoro:
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7 =  7  _l 7  *nm.3 nm.KÖ2 nm.KÖ3 ?
Znm 3 = 39,06 +  2,96 • 20 =  9 8 ,2 6 m Om .
3a ^opMy^oro (5.25) CTpyM og,Ho$a3Horo MeTaneBoro K3 y toh^  K3:
l (K ) = = 1,54k A .
K  - - - + 98,263
TaönHnfl 5.1 - Pe3y^bTaTH po3paxyHKy cipyMiB K3 y pi3HHx TOHKax e^eKTpHHHoi'
Mepe^i HacocHoi'
n °  E n
C T p y M  T p u $ a 3 H o r o  K 3 ,  kA C T p y M  o g H O $ a 3 H o r o  K 3 ,  kA
K 3 K 2 ' K 2 K 1 ' K1 K 3 K 2 K1
H1 0 , 7 0 0 , 5 5
H2 0 , 6 5 0 , 4 8
H3 0 ,6 1 0 , 4 3
H4 0 , 5 7 0 , 3 8
H5 0 ,6 1 0 , 4 3
^ C 1
H6 0 , 6 5
1 , 2 6 1 , 2 9
0 , 4 8
4 ,0 1
H7 0 , 7 0 0 , 5 5
H8 0 , 6 5 0 , 4 8
H9 0 ,6 1 0 , 4 3
H10 0 , 5 7 0 , 3 8
H11 0 , 5 4 0 , 3 5
H12 0 ,5 1 0 , 3 2
H13 0 , 7 3 0 , 3 7
H 14 0 , 7 9 0 ,4 1
H 15 0 , 8 6 5 ,2 1 6 ,7 1 0 , 4 5 4 , 8 9
H16 0 , 8 6 0 , 4 5
^ C 2 H17 0 , 9 0 2 , 6 8 2 , 8 3 0 , 4 8 4 , 2 0
H18 0 , 9 5 0 , 5 2
M1 0 , 8 9 0 , 4 8
M2 0 , 8 9 0 , 4 8
M3 0 , 9 5 0 , 5 2
H19 0 , 7 7 0 , 3 9
H20 0 , 7 4 0 , 3 7
H21 0 , 4 9 0 , 2 2
^ C 3
H22 0 , 4 7
2 , 8 5 3 ,0 1
0 , 2 2
4 , 5 3
H23 0 , 8 0 0 ,4 1
H 24 0 , 7 7 0 , 3 9
H 25 0 , 5 6 0 , 2 6
H26 0 , 5 4 0 , 2 5
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6 .  B l l ö i p  a B T O M a T H H H H X  E H M M K a M ie
Bnöip i nepeBipKa Bcix EA Hanpyroro go i noHag 1 kB MaroTt BignoBigaTH 
TaKHM yMOBaM:
1) M^HOCTi i3oaa^i gaa poöoTH b TpHBaaoMy pe^HMi Ta npa 
KopoTKonacHHx nepeHanpyrax:
ĤOM.e.a — ^HOMM, (6 -1)
ge ^ H0M.e.ai UHOM.M~ HoMiHaatHa Hanpyra EA i HoMiHaatHa Hanpyra 
eaeKTpaaHoi Mepe^i (yCTaHoBKH) BignoBigHo, y aKifi 3acTocoByeTtca EA;
2) gonycTHMoro HarpiBaHHa CTpyMaMH b TpHBaaoMy pe^HMi:
ĤOM.e.a — !<p (6-2)
ge ^H0M.e.ai !$- HoMrnaatHHH CTpyM EA i CTpyM ^opcoBaHoro pe^HMy 
BignoBigHo, toöto TpHBaanfi MaKCHMaatHHH poöoaHH CTpyM, aKHH Mo^e aepe3 
Htoro npoiiKaTH;
3) BignoBigHocTi HaBKoanmHtoMy CepegoBHrny (HopMaatHe, n o ^e^o - 
Heöe3nenHe, BH6yxoHe6e3neaHe Ta iH.), pogy ycTaHoBKH (BHyipimHa, 3oBHimHa) i 
KoHCTpyKTHBHoMy BHKoHaHHro (BHcyBHa, CTa^oHapHa) Ta iH.;
4) napaMeipaM ochobhoi ^yH ^ioH aatH oi xapaKTepncTHKH: KoMyra^HHi 
EA - CTpyM BHMHKaHHa (BMHKaHHa) npn K3 (KoMyra^HHa 3gaTHicTt), EA 
3axHCTy - HoMiHaatHHH CTpyM naaBKoi BCTaBKH 3anoömHHKa hh yciaBKH 
po3aenaroBaaa aBToMaia.
nepeBipKy BHÖpaHHx EA npoBogaTt 3a i'x CTifiKiCTro Ta npa^3gaTHiCTro 
npn HaCKpi3HHx CTpyMax K3. MaroTt BHKoHyBaTHCa TaKi yMoBH:
5) CTpyM eaeKTpogHHaMinHoi CTifiKoCTi EA^
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idun — iy (6 -3)
ge iy - po3paxyHKOBHH ygapHHH CTpyM;
6) gonycTHMHH CTpyM TepMiHHOi CTiÖKOCTi anapaTa IT 3a gonycthmhh HaC
TepMiHHOi CTiHKOCTi t T
ly  • t T — l \  • t  (6.4)
ge IKi t  - po3paxyHKOBi napaMexpn CTpyMy K3 i giöcHoro Hacy BHMHKaHHa 
K3 BignoBigHO.
TaKHM hhhom, HOMmaatHa Hanpyra ^HX aBTOMaTiB BHÖHpaeTbCa aK:
^noM.a — UHomm, (6-5)
HoMiHanbHHH CTpyM aBTOMaTiB i HOMiHanbHi cxpyMH pO3HenaroBaHiB He 
noBHHHi öyTH MeHmHMH 3a CTpyM ^opcoBaHoro pe^HMy:
ĤOM.a — I(p, (66)
ĤOM.p — I(p (6-7)
y  ^OpMyaax (6.6) i (6.7) öepyTbCa HaööaH^Hi 3HaHeHHa HOMiHantHHx
CTpyMiB aBTOMaTiB i pO3HenaroBaHiB. ABTOMaTH 3BHHaÖHO MaroTb KiatKa 
HOMiHanbHHx CTpyMiB pO3HenaroBaHa. Haöömbme 3HaHeHHa HOMiHantHOrO
CTpyMy pO3Hen^roBana gOpiBHroe HOMiHantHOMy CTpyMy aBTOMaTa, TOMy IH0M.a —
1HOM.p
CTpyM ^OpCOBaHOrO pe^HMy BH3HaHaeTbCa 3a ^OpMyaOro:
I(p Kpe3 • Ip, (6 8)
ge Kpe3 - KOe^i^eHT pe3epByBaHHa;
Ip - pO3paxyHKOBHH CTpyM (öepeTbCtf 3aae^HO Big M i^a  3HaxOg^eHHa EA b 
CxeMi e^eKTpOnOCTanaHHa).
yCTaBKa CTpyMy c^pa^roBaHHa Big nepeBama^eHHa IC.n (yCTaBKa CTpyMy 
Ten^OBOrO pO3HenaroBaHa Iy.T.p) BHÖHpaeTbCa 3a yMOBU
Ic.n ly.m.p — ^  ' Ip, (6.9)
ge K - KOe^i^eHT, aKHH npHHMaeTbCa 1,1 gaa aBTOMaTa BBOgy QF i gaa 
aBTOMaTa QF1, 1,25 - gaa aBTOMaTiB QF2-QF7 aÖO 1,0 Ha aimax gO CHaOBHx E n , 
aKi He MaroTb y CBOeMy CKaagi E ^.
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y  $ o p M y a i  (6.9) g a a  a B T O M a T a  B B o g y  QF1 a K  p o 3 p a x y H K O B H H  C T p y M  
n p H H M a e T b C a  C T p y M  $ o p C O B a H o r o  p e ^ H M y  T p a H C $ o p M a T o p a  1$; g a a  a B T O M a T a  
QF2 - p o 3 p a x y H K O B H H  C T p y M  g p y r o r o  p iB H a  e a e K T p o n o C T a a a H H a  I p.2; g a a  
a B T O M a T a  QF3 —  p o 3 p a x y H K O B H H  C T p y M  n e p m o r o  p iB H a  e a e K T p o n o C T a a a H H a  
o g H o r o  E n  I p. i  (H O M r n a a b H H H  C T p y M  E n  i HOM.En n p u  k3 - 1).
y  a i H i a x  3  a a M n a M H  ^ P H  (^ P I ) 3 a  y M O B  K p a T H O C T i  n y C K O B O r O  C T p y M y  2,25­
3 T a  H o r o  T p H B a a o C T i  60-90 c  y C T a B K a  C T p y M y  C n p a ^ O B y B a H H a  B i g  
n e p e B a H T a ^ e H H a  (y C T a B K a  C T p y M y  T e n a o B o r o  p o 3 a e n a r o B a a a ) B H Ö H p a e T b C a  T a K :
ĉ.n = ly.m.p — 1>3 ' Ip.o, (6.10)
g e  I p.O. - p O 3 p a x y H K O B H H  C T p y M  a i H i i  O C B n a e H H a , A .
^ a a  H P  i  H H  H H 3 b K o r o  T H C K y  y C T a B K a  C T p y M y  c n p a ^ O B y B a H H a  B i g  
n e p e B a H T a ^ e H H a  (y C T a B K a  C T p y M y  T e n a O B O r O  p o 3 a e n a r o B a a a ) B H Ö H p a e T b C a  a K :
ĉ.n ly.m.p —  ^p.o- (6-11)
^ a a  H H  H H 3 b K o r o  T H C K y  n y C K O B i  C T p y M H  H e  B p a x o B y r o T b C a ,  6 o  i x  
T p H B a a iC T b  C T a H O B H T b  6 - 8  c , i  3 a  ^ h  a a C  O K p e M i  a a M n n  M a r o T b  p i3 H o a a C H e  
B M H K a H H a .  H P  M a r o T b  n y C K O B i  C T p y M H  g o  6  H O M r n a a b H H x  C T p y M iB ,  a a e  i x  
T p H B a a iC T b  B C b o r o  g e K i a b K a  M i a i C e K y H g .
A B T O M a T H  H e  n o B H H H i  B H M H K a T H  g ia a H K H , a K i  3 a x H f f l , a r o T b , n p n  
K o p o T K o a a C H H x  n e p e B a H T a ^ e H H a x  (n y C K O B i  C T p y M H , n iK O B i  C T p y M H  T a  i H .).
^ a a  a B T O M a T a  B B o g y  QF1 C n p a ^ O B y B a H H a  B ig C ia K H  p o 3 a e n a r o B a a a
M H T TCB O i g i i  I c.b B H 3 H a a a e T b C a  3 a  $ o p M y a o r o :
I c.e —  ( 6  -  1 0 )  W  ( 6 . 1 2 )
g e  I h o m .t -  H O M iH a a b H H H  C T p y M  T p a H C $ o p M a T o p a  H a  C T o p o H i  H H .  
y  $ o p M y a i  ( 6 . 1 2 )  ö i a b m i  K p a T H O C T i  n p H H M a r o T b C a  g a a  T p a H C $ o p M a T o p i B  3  
M a a o r o  H O M r n a a b H o r o  n o T y ^ H i C T r o  ( S H 0 M .T <  4 0 0  k B A ), a K i  M a r o T b  ö i a b m i  o n o p n  
T a  B i g n o B i g H O  M e H m i  C T p y M H  K 3 .
y M O B a  n e p e B i p K H  B i g  n iK O B H x  C T p y M iB  g a a  r p y n n  E n  (a B T O M a T  QF2) i  B i g  
n y C K O B H x  C T p y M iB  g a a  o g H o r o  E n  (a B T O M a T  QF3) n o a a r a e  y  B H Ö o p i  y C T a B K H  
C T p y M y  C n p a ^ O B y B a H H a  B ig C ia K H  p o 3 a e n a r o B a a a  m h t t g b o i  g i i  I CB (y C T a B K H
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cipyMy eseKTpoMarairaoro po3nensroBana Iy.e.p) öistm e ^Hx CTpyMiB BignoBigHo 
He MeHm Hm Ha 25 %, ToMy rn,o noxHÖKa Big po3KHgy xapaKTepHCTHK m o m  
goCsraTH go 15 %
Ic.e = iy.e.p — 1,25IniK, (613)
ic.e = iy.e.p — 1,25InycK, (614)
ge IniK i InycK - nkoBHÖ CTpyM rpynu E n  3a ^opMysaMH (2.40), (2.41) i 
nycKoBHH CTpyM ogHHonHoro E ^  3a ^opMysoro (2.12) BignoBigHo (gam 
nycKoBHx i niKoBHx CTpyMiB öepyTtCs 3 pe3ystTaTiB po3paxyHKiB po3gisy 2: 
npHKnagn 2.1 i 2.6 BignoBigHo).
y  siHisx 3 KKY CTpyM Cnpa^oByBaHHs BigcinKH (eseKTpoMararraoro 
po3nensroBana) BHÖHpaeTbCs 3a ^opMysoro:
ic.e iy.e.p — 1>3Ihom.KKY, (6.15)
ge IH0M.KKy- HoMmantHHÖ CTpyM KKy, skhh oÖHHCsroeTbCs 3a ^opMysoro 
(4.13).
^ k KoMyra^HHHH anapaT aBTOMaTH nepeBipsroTt rn,ogo 3gaTHocTi 
BHMHKaHHS 3a yMoBH:
iHOM.e.a — In.o = ^  (6.16)
ge iH0M.e.a- HoMiHanbHHH CTpyM BHMHKaHHS aBToMaTa npH HopMoBaHHX 
yMoBax poöoTH;
l no =  y  - nonaTKoBe girone 3HaneHHs nepiogHHHoi CKsagoBoi CTpyMy 
Tpn^a3Horo K3, go Toro m g ss  aBToMaTiB BBogy h Ce^iÖHHx aBToMaTiB ^ h 
CTpyM BH3HanaroTb g ss  MeTaseBoro K3 öe3 nepexigHHx onopiB, a g ss  mmnx 
(aBToMaTiB QF2 i QF3) - 3 ypaxyBaHHSM onopy KoHTaKTiB RK.
BignoBigHo go nyHKTy 4 (^yHK^oHanbHe nprornneHHs) g ss  HyraHBoeri 
3axHCTy (HagiÖHoro fioro c^pa^roBaHHs) MimMastHHÖ CTpyM K3 (3BHnaÖHo ^  
CTpyM ogHo^a3Horo K3 y Haööistm Bigganemö T o ^ i  siHii, sKa 3axHrn,aeTbCs) 
Mae nepeBHrn,yBaTH yCTaBKH po3nensroBaniB 3aseMHo Big ix THniB y TaKHx 
CniBBigHomeHHsx:
ApK.
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gaa po3HenaroBana mhtt€boi gii (eaeKTpoMararraoro aöo HaniBnpoBig- 
HHKOBoro) 3 HoMrnaatHHM CTpyMOM öiatm e 100 A
Z*(1) >  1,254«, (6.17)
Ta npn CTpyMi go 100 A BKaroaHo:
7(1) >  1,44« (6.18)
—  gaa po3aenaroBaaa ynoBiatHeHoi gii;
'„(1) >  3 / „  (6.19)
BnöipKoBicTb gii nocaigoBHo BCTaHoBaeHHx aBToMaTiB 3aöe3neayeTtca 3a 
yMoBH, rn,o ix 3axHCHi xapaKTepHCTHKH Ha KapTi ceaeKTHBHoeri He noBHHHi 
nepeTHHaTHca, go Toro m ycTaBKH CTpyMy po3aenaroBaaiB ynoBiatHeHoi h 
MHTTCBoi gii b aBToMaTa, po3TamoBaHoro öaHMae go E n , MaroTt öyTH b 1,5 pa3H 
MeHmi, HiM y öiatm  BiggaaeHoro aBToMaTa [2].
6.1. Bn6ip aBTOMaTa ^HBHabHoi' Mepe^i
Baöip aBToMaTa BBogy QF1; ShomT =  250 k B A .  BnönpaeMo aBToMaT 
LZMN3-AE630-I CTpyMooÖMeMyBaatHHÖ 3 TenaoBHM i eaeKTpoMaraiTHHM 
po3aenaroBaaaMH.
3a ^opMyaoro (6.5) HoMrnaatHa Hanpyra aBToMaTa BHÖapaeTtca aK:
660 >  380B.
3a ^opMyaoro (4.15) BH3HaaHMo HoMmaatHHÖ btophhhhh CTpyM 
TpaHc^opMaTopa;
' hommti =  ^  =  379,84^
,3,aa gBoTpaHC^opMaTopHoi n C  3 pe3epByBaHHaM Ha CTopoHi HH i 3a 
BigcyTHocTi gaHHx CHCTeMaTHHHoro nepeBaHTaMeHHa Koe^^ieHT pe3epByBaHHa 
npHÖMaeTtca Kpe3 = 1,4, ToMy ^opcoBaHHÖ CTpyM TpaHC^opMaTopa 3a ^opMyaoro 
(6.8) gopiBHroe:
1$ =  1,4 • 379,84 =  531,76 A.
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630A:
lnom.a =  630 >  l$ =  531,76 A.
,3,aa aBTOMaTy LZMN3-AE630-I 630A HOMmaatHHH CTpyM TenaoBoro 
po3HenamBaHa Ihom.t.p 630 A. Togi 3a ^opMyaom (6.7) HOMmaatHHH CTpyM 
TenaoBoro po3HenamBaHa:
hoM.m.p =  630 ^  1$ =  531,76 A.
,3,aa aBTOMaTy LZMN3-AE630-I 630A KpaTHiCTt CTpyMy Cnpa^OByBaHHa 
(ycTaBKH) TenaoBoro po3HenamBaHa Iy.T.p go HOMmaatHoro CTpyMy TenaoBoro 
pO3Hen^WBana Ihom.t.p (Iy.T.p / Ihom.t.p) CTaHOBHTb 0,5-1. TaKHM HHHOM, ycTaBKa 
CTpyMy TenaoBoro po3HenamBaHa:
ly mp ĤOM.mp 630A.
3a ^opMyaom (6.9)
Iymp =  630A > 1,1 • 363,49 =  399,84A.
,3,aa aBTOMaTy LZMN3-AE630-I 630A y pa3i HaaBHOCTi TenaoBoro 
po3HenaroBaaa BigHomeHHa CTpyMy Cnpa^OByBaHHa BigCiHKH ICB
(eaeKTpoMarHiTHoro po3HenamBaHa Iy ep) go HOMmaatHoro CTpyMy TenaoBoro
pO3HenaroBaaa Ihom.t.p (Iy.T.p / Ihom.t.p) CTaHOBHTb 2-8. TaKHM HHHOM, CTpyM 
Cnpa^OByBaHHa BigCiHKH (eaeKTpoMararraoro po3HenamBaHa)
!C.e =  W  =  8 • KoM.m.p =  8 • 630 =  5040A.
3a ^opMyaoro (6.12)
Ice =  5040 A > 6  • 363,49 =  2 1 8 1 A. 
n p u  nepeBip^ BHMHKaHHa CTpyMy Tpn^asHoro K3 aBTOMaTOM BBogy 
öepeTtCa CTpyM Tpn$a3Horo K3 y toh^  K1 (6e3 ypaxyBaHHa RK) 3 TaöaH^ 5.1 
IK1(0) = 7,65 kA. ^ a a  aBTOMaTiB LZMN3-AE630-I 630A BHMHKamHa rpaHHHHa 
KOMyra^HHa 3gaTHiCTt (BrK3) npn IHOM.a= 630A CTaHOBHTb Ihom.b̂ =50 kA. 3a 
^opMyaoro (6.16)
50 kA >  7,65kA.
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n a p a M e T p a M H :
U n o M .a  4 1 5 B , I HOM.a 6 3 0 A , I hom.t.p 6 3 0 A , I y.T.p 6 3 0 A , I y.e. 5 0 4 0  A , I HOM.B.a 5 0 k A .
P e 3 y ^ b T a T H  B H Ö o p y  E A  3 p y H H O  n o g a r a  y  B H r a a g i  T a ö a H ^ :  y  n e p m i ö  
k o .t o h ^  3 a n n c y r o T b  y M O B H  B H Ö O p y ,  y  g p y r i ö  -  K a T a a O ^ m  g a m  E A ,  y  T p e r i f i  -  
p O 3 p a x y H K O B i  g a H i  ( g H B H c a  T a 6 ^ H ^ r o  6 . 1 ) .
T a ö a H ^  6 . 1  -  K a T a a O ^ m  T a  p O 3 p a x y H K O B i  g a H i  a B T O M a T a  B B O g y  Q F 1
yMOBM BMÖOpy
KaTaaOXHi flaHi aBTOMaTa
L Z M N 3 -A E 6 3 0 - I  6 3 0 A
PO3paxyHKOBi flaHi
3 a  HOMrnaabHoro Hanpyroro
^ H O M .a  —  ^ H O M .M
^ H O M .a  —  4 1 5 B ^ H O M .M  —  3 8 0 B
3 a  HOMiHaabHUM CTpyMOM aBTOMaTa
Ĥ O M .3  —
Ĥ O M .a  —  6 3 0 A
A  ^ p e 3  • Ĥ O M .T
—  3 7 9 , 8 4  • 1 , 4
—  5 3 1 , 7 6 A
3 a  HOMiHaabHUM CTpyMOM 
po3HenawBana
Ĥ O M .p  —
A o M . p  —  6 3 0 A
A  ^ p e 3  • Ĥ O M .T
—  3 7 9 , 8 4  • 1 , 4
—  5 3 1 , 7 6 A
3 a  HOMiHaabHUM CTpyMOM aBTOMaTa Ta 
moto pO3HenawBaniB
Ĥ O M .a  —  Ĥ O M .p
Ĥ O M .a  —  6 3 0 A A o M . p  —  6 3 0 A
3 a  HOMiHaabHUM CTpyMOM TenaOBOrO 
pO3HenawBana 
J —  J — 1 1 /
i c .n  i y . T . p  ,
/  —  1  • /  —J y . T . p  1 H O M .T .p
—  1 • 6 3 0  —  6 3 0 A
1 , 1 / ^  —  1 , 1  • 3 6 3 , 4 9  —  
—  3 9 9 , 8 4 A
3 a  yMOBOW BigcTpOMKu Big niKOBux
CTpyMiB
A b  —  ( 6  —  1 0 ) A o m .T
A e  ŷ  e .p  8  • A o m .t .p
—  8 • 6 3 0  —  5 0 4 0 A
A .e  6 ĥ o m .t  
—  6  • 3 6 3 , 4 9  —  2 1 8 1 A
3 a  HOMiHaabHUM CTpyMOM BUMUKaHHH 
aBTOMaTa
/  —  i  —  / ( 3 )' H O M .B .a  I n .O  l K
Ĥ O M .B .a  5 0 k B
i n .o  —  / K 3 )  —  7 , 6 5 k A
3 a  yMOBOW nyTaUBOCTi
/ ( 1 )  —  1  2 5 1i K  , I C.B
1 , 2 5 I c .b  —
—  1 , 2 5  • 5 , 0 4  —  6 , 3 k A
/ k( 1 ) = 7 , 6 5  kA
A H a n O r i n H O  n p O B O g H M O  p O 3 p a x y H O K  g a a  B H Ö O p y  m m Ö H H x  a B T O M a T i B  i  
a B T O M a T i B  g a a  E n .  P e 3 y a t T a T H  3 a n a c y e M O  g O  T a ö a a ^  6 . 2  T a  6 . 3  B i g n O B i g H O .
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H o M m a n b H i  n a p a M e i p n  a B T O M a T H H H H x  B H M H K a n iB ,  r n ,o  B C T a H O B a r o r o T b c a  b  
H H 3 b K O B O ^ b T H O M y  K O M n a e K T H O M y  n p n c T p O i  « , 3 , H m p O »  -  B H Ö n p a r o T b c a  
a H a n o r i n H i ,  a a e  H a  O g H H  C T a H g a p T H H H  C T y n i m  H O M m a a t H O r O  C T p y M y  B H rn ,e  -  g a a  
3 a ö e 3 n e n e H H a  c e a e K T H B H O C T i 3 a x n c T y .  n a p a M e T p u  ^ H x  B H M H K a n iB  n p H B e g e m  H a  
c x e M i  b  g o g a T K y  B .
T a ö a H ^  6 . 2  -  P e 3 y a t T a T H  B H Ö o p y  B B ig H H x  a B T O M a T iB  b  ^ C  T a  f f l O
flrnrn
^uB geH H a Tun aBTOMaTa
U h o m ,
B
Ih o m ,
A








m o Easy9 EZ9F34350 400 50 50 50 250 4,5
^ C 1 Easy9 EZ9F34332 400 32 32 32 160 4,5
^ C 2 Easypact EZC100N 690 100 80 80 640 9
^ C 3 Easypact EZC100N 690 100 80 80 640 9
^ C 4 Easypact EZC250N 690 250 160 160 1600 12,5
O g H O a i m Ö H a  c x e M a  ^ H B a e H H a  O Ö a a g H a H H a  ^ x y  3 n O 3 H a n e H H a M  T n  i  
m m Ö H H x  a B T O M a T iB  H a B e g e H a  y  g O g a T K y  B .  y  g O g a T K y  r  H a B e g e H a  n p u H i i H n O B a  
c x e M a  p O 3 n O g ia b H O i  M e p e ^ i  B i g  K T n  g O  E n  ^ x y .
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U h o m ,
B
Ih o m ,
A








H1 Easy9 EZ9F34310 400 10 10 10 50 4,5
H2 Easy9 EZ9F34310 400 10 10 10 100 4,5
H3 Easy9 EZ9F34310 400 10 10 10 100 4,5
H4 Easy9 EZ9F34310 400 10 10 10 100 4,5
H5 Easy9 EZ9F34310 400 10 10 10 100 4,5
H6 Easy9 EZ9F34310 400 10 10 10 100 4,5
H7 Easy9 EZ9F34310 400 10 10 10 100 4,5
H8 Easy9 EZ9F34310 400 10 10 10 100 4,5
H9 Easy9 EZ9F34310 400 10 10 10 100 4,5
H10 Easy9 EZ9F34310 400 10 10 10 100 4,5
H11 Easy9 EZ9F34310 400 10 10 10 100 4,5
H12 Easy9 EZ9F34310 400 10 10 10 100 4,5
H13 Easy9 EZ9F34316 400 16 16 16 160 4,5
H14 Easy9 EZ9F34316 400 16 16 16 160 4,5
H15 Easy9 EZ9F34316 400 16 16 16 160 4,5
H16 Easy9 EZ9F34310 400 10 10 10 100 4,5
H17 Easy9 EZ9F34310 400 10 10 10 100 4,5
H18 Easy9 EZ9F34310 400 10 10 10 100 4,5
H19 Easy9 EZ9F34320 400 20 20 20 200 4,5
H20 Easy9 EZ9F34320 400 20 20 20 200 4,5
H21 Easy9 EZ9F34320 400 20 20 20 200 4,5
H22 Easy9 EZ9F34320 400 20 20 20 200 4,5
H23 Easy9 EZ9F34320 400 20 20 20 200 4,5
H24 Easy9 EZ9F34320 400 20 20 20 200 4,5
H25 Easy9 EZ9F34320 400 20 20 20 200 4,5
H26 Easy9 EZ9F34320 400 20 20 20 200 4,5
H27 Easy9 EZ9F34363 400 63 63 63 630 4,5
H28 Easy9 EZ9F34363 400 63 63 63 630 4,5
H29 Easy9 EZ9F34340 400 40 40 40 400 4,5
H30 Easy9 EZ9F34340 400 40 40 40 400 4,5
M1 Easy9 EZ9F34332 400 32 32 32 320 4,5
M2 Easy9 EZ9F34332 400 32 32 32 320 4,5
M3 Easy9 EZ9F34332 400 32 32 32 320 4,5
B1 Easy9 EZ9F34332 400 32 32 32 320 4,5
B2 Easy9 EZ9F34332 400 32 32 32 320 4,5
ApK.
B P  5 .6 .1 41 .0 78  n 3 69
3mh, ApK. N  Bo kij m, n idnuc Mama
Bhchobok
P e 3 y n t T a r o M  B u K o H a H H a  g a H o i  p o ö o T u  e  p o 3 p a x y H O K  n a p a M e T p i B  
p o 3 n o g i n b n o i  e n e K T p u n H o i  M e p e ^ i  H a c o c H o i  c T a H ^ i  3 r p a g u p H e r o .
P o 3 p a x o B a H o  H a B a m n ^ e H H a  H a  T p t o x  p i B H a x  c u c T e M u  e n e K T p o n o c T a n a H H a ,  
r n ,o ,  b  c B o r o  n e p r y ,  g o 3 B o n u n o  n p o B e c T u  B u ö i p  T a  n e p e B i p K y  T p a H c ^ o p M a T o p i B  
g n a  B ö y g o B a H o i  T n  H a c o c H o i  -  o ö p a H o  g B a  T p a H c ^ o p M a T o p u  T u n y  
T M r - 2 5 0 / 6 / 0 , 4 ,  r n ,o  B u r o T O B n a r o T t c a  3 r o ^ p o B a H u M  ö a K o M  6 e 3
p o 3 m u p r o B a n t H o r o  ö a n K a  g n a  M a c n a H o i  c n c T e M H  o x o n o g ^ e H H a .  B  a K o c T i  
P n - 0 , 4  k B  o ö p a H o  K o M n n e K T H u f i  H r o t K o B o n b T H u f i  n p u c T p i f i  B i T n u 3 H a H o r o  
B u p o ö H u ^ T B a .
n p o B e g e H o  B u ö i p  K a ö e n iB .  ,d ,n a  ^ u B n e H H a  n p u ö y g o B a H o i  T n  H a c o c H o i  B i g  
p o 3 n o g i n t n o r o  n p u c T p o r o  o ö p a H o  K a ö e n t  T u n y  A A E n - 6  3 x 3 5  -  c u n o B u f i  3 
a n r o M iH ie B H M H  c T p y M o n p o B i g H H M H  ^ u n a M u ,  3 n a n e p o B o r o  n p o c o n e H o r o
i 3 o n a ^ e r o ,  B  a n r o M i r n e B i f i  o ö o n o H ^ ,  ö p o H t o B a H u ö  g B o M a  c T a n e B u M u  c T p i n K a M u .
,d ,n a  p o 3 n o g i n b n o i  M e p e ^ i  o ö p a H o  T u n  K a ö e n r o  A B B r - 1 , 0  -  c u n o B u f i  3 
a n r o M iH ie B H M H  c T p y M o n p o B i g H U M u  ^ u n a M u  3 n B X  i 3 o n a ^ e r o  B  3 o B H im H i f i  
3 a r a n b H i f i  o ö o n o H ^  3 n B X  n n a c T u K a T y .  n e p e p i 3 u  ^ u n  o K p e M u x  n i H i f i  
B i g n o B i g a r o T b  p o 3 p a x o B a H u M  r p y n o B u M  H a B a r n n ^ e H H a  ( g n a  K a ö e n i B  B i g  T n  g o  
^ C )  T a  o g u H u H H u M  H a B a H T a ^ e H H a M  o K p e M u x  c n o ^ u B a n i B  ( g n a  K a ö e n i B  B i g  ^ C  
g o  E n ) .
B u K o p u c T o B y r o n u  c K n a g e H i  b  p o ö o T i  c x e M u  3 a M ir n , e H H a ,  3 y p a x y B a H H a M  
e n e K T p u H H u x  n a p a M e T p i B  o ö p a H u x  K a ö e n i B  T a  T p a H c ^ o p M a T o p i B ,  p o 3 p a x o B a H o  
T p u $ a 3 H i  c T p y M u  K o p o T K o r o  3 a M u K a H H a  H a  T p t o x  p i B H a x  c u c T e M u  
e n e K T p o n o c T a n a H H a  T a  c T p y M u  o g H o $ a 3 H o r o  K o p o T K o r o  3 a M u K a H H a .
B u K o p u c T o B y r o n u  o T p u M a H i  B e n u n u H u  c T p y M i B  K 3  T a  n a p a M e T p u  
p o 3 p a x o B a H u x  H a B a H T a ^ e r n  n p o B e g e H o  B u ö i p  K o M y T a ^ f i H o r o  o ö n a g H a H H a .
B  a K o c T i  a B T o M a T u n H u x  B u M u K a n i B  B u ö p a H o  K o M y T a ^ f i r n  a n a p a T u  c e p i f i  
E a s y P a c t  T a  E a s y 9  H i M e ^ K o r o  B u p o ö H u K a  « S c h n e i d e r  E l e c t r i c » ,  r n ,o  
B i g p i 3 H a r o T t c a  B u c o K o r o  a K i c T r o  T a  H a g i f i H i c T r o  p o ö o T u .
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CnncoK BHKopHCTaHöi ^irepaTypn
1 .  M e T o g n a r n  B K a 3 iB K H  g o  o ^ o p M a e H H a  g n n ^ O M H H x  p o ö r r  /  y K a a g a n i :  M . A .  
H h k h ^ o p o b , I . . H .  ^ e ö e g H H C b K H H . -  C y M H :  B n g - B o  C y M , 3 , y ,  2 0 0 8 .  -  7 4  c .
2 .  P y g H H ^ K H H  B . r .  B H y T p i m H t o ^ x o B e  e a e K T p o n o c T a n a H H a .  K y p c o B e
n p o e K T y B a H H a :  H a B H a a t H H H  n o c iÖ H H K .  -  C y M H :  B T ^  " y m B e p c H T e T c t K a
K H H r a " ,  2 0 0 7 . - 2 8 0  c .
3 .  , 3 , H p a ^  B . C  h  g p .  3 a e K T p o c H a ö ^ e H H e  n p o M b i m n e H H t i x  n p e g n p n a T H H .  -  K . :  
B n r n ^ a  m K . ,  1 9 7 4 .  -  2 8 0  c .
4 .  C n p a B O H H H K  n o  n p o e K T H p o B a H H r o  ^ . a e K T p o c H a 6 ^ e H H a  /  n o g  p e g .  M X .  
E a p M Ö H H a  h  g p .  -  M . :  3 H e p r o a T o M H 3 g a T ,  1 9 9 0 .  -  5 7 6  c .
5 .  M a n m o B c b K H H  A . A . ,  X o x y a r n  E . K .  O c h o b h  e a e K T p o n o c T a n a H H a :
H a B H .  n o c i ö .  -  X . :  B n g - B o  H a ^ o H a a t H o r o  y H - T y  " X t B i B c b K a  n o m T e x m K a " ,  
2 0 0 5 .  -  3 2 4  c
6 .  E p m h h o b  A . A .  O c h o b m  ^ . a e K T p o c H a 6 ^ e H H a  n p o M b i m n e H H t i x  n p e g n p n a T H H .
-  4 - e  H 3 g . ,  n e p e p a ö .  h  g o n .  -  M . :  3 H e p r o a T o M H 3 g a T ,  1 9 8 3 .  -  2 0 8  c .
7 .  P n c T x e H H  3 . M .  3 a e K T p o c H a ö ^ e H H e  n p o M b i m n e H H t i x  y c T a H o B o K :  y n e ö .  
g a a  B y 3 o B .  -  M . :  3 H e p r o a T O M H 3 g a T ,  1 9 9 1 .  -  4 2 4  c .
8 .  K o H o B a n o B a  , X . n . ,  P o ^ K o B a  . X ^ .  3 a e K T p o c H a ö ^ e H H e  n p o M b i m a e H H t i x  
n p e g n p n a T H H  h  y c T a H o B o K :  y n e ö .  n o c o ö .  g a a  T e x H H K y M o B .  -  M . :  
3 H e p r o a T o M H 3 g a T ,  1 9 8 9 .  -  5 2 8  c .
9 .  K o n T e B  A . A .  M o m a ^  ^ x o b m x  ^ a e K T p H H e c K H x  c e T e ö  H a n p a ^ e H H e M  g o  1 
k B . :  C n p a B o H H H K  ^ a e K T p o M O H T a ^ H H K a  /  n o g  p e g .  A . , 3 , .  C M H p H o B a  h  g p .  -  
M . :  3 H e p r o a T o M H 3 g a T ,  1 9 8 8 .  -  1 9 2  c .
1 0 .  ^ H r e p M a H  H . H .  K o H c T p y n p o B a H H e  ^ a e K T p o y c T a H O B O K  n p o M n p e g n p n a T H H .
-  M . :  3 H e p r o a T o M H 3 g a T ,  1 9 8 4 .  -  1 6 8  c .
1 1 .  n p a B H n a  y c T p o f i c T B a  ^ a e K T p o y c T a H O B O K . - X . :  H a g - B o  « O o p T » ,  2 0 0 9 . - 7 0 4  c .
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1 2 .  O e g o p o ß  A . A . ,  K a M e H e B a  B . B .  O c h o b m  ^ a e K T p o c H a ö ^ e H H a  n p o M H m n e H H H x  
n p e g n p u a T H Ö :  Y n e ö .  g a a  B y 3 0 B .  -  4 - e  H 3 g . ,  n e p e p a ö .  h  g o n .  - M . :  
3 H e p r o a T 0 M H 3 g a T ,  1 9 8 4 .  -  4 7 2  c .
1 3 .  Y K a 3 a H H A  n o  p a c u e T y  ^ a e K T p H H e c K H x  H a r p y 3 0 K .  P T M  3 6 . 1 8 . 3 2 . 4 - 9 2  /  
H H C T p y K T H B H M e  H  H H $ 0 p M a ^ H 0 H H b I e  M a T e p H a a M  n o  n p o e K T H p o B a H H W  
^ a e K T p o y c T a H 0 B 0 K .  -  1 9 9 2 .  -  N °  7 - 8 .  -  C .  4 - 2 8 .
1 4 .  r O C T  2 8 2 4 9 - 8 9 .  K o p o T K H e  3 a M M K a H H a  b  ^ a e K T p o y c T a H 0 B K a x .  M e T o g M  
p a c u e T a  b  ^ a e K T p o y c T a H 0 B K a x  n e p e M e H H o r o  T o K a  H a n p a ^ e H u e M  g o  1 k B .
1 5 .  ^ E H  B . 2 . 5 - 2 8 - 2 0 0 6  « n p u p o g H e  i  m T y u H e  o c ß h a e H H a » .
1 6 .  C n p a ß o u H a a  K H H r a  g a a  n p o e K T H p o ß a H H a  ^ a e K T p H H e c K 0 ^ o  o c ß e m , e H u a /  
K H o p p H H r  r . M ,  H . M .  O a g u H ,  B . H . C u g o p o ß  -  2 - e  H 3 g ,  n e p e p a ö  h  g o n  -  C n ö . :  
3 H e p r o a T o M H 3 g ,  C a H K T -  n e T e p ö y p r c K o e  o T g - H H e  1 9 9 2 .  -  4 4 8  c .
1 7 .  O ^ i ^ H H H H  c a Ö T  l H T e p H e T - M a r a 3 H H y  « . H e r o p »  [ E a e K T p o H H H H  p e c y p c ] .  -  
e a e K T p o H H H H .  ^ y p H .  -  P e : * H M  g o c T y n y :  h t t p s : / / w w w . a v t o m a t s . c o m . u a / 3 0 1 2 -  
i o - 5 0 0 . h t m l
1 8 .  P a g K e B H u  B . H .  n p o e K r a p o ß a H u e  c u c T e M  ^ a e K T p o c H a ö ^ e H H a :  Y u e ö .  
n o c o ö u e . - M H . :  H n O O O  « n H O H » ,  2 0 0 1 . - 2 9 2  c .
1 9 .  B i a t H a  e H ^ H K a o ^ e g i a  « B i K i n e g i a »  [ E a e K T p o H H H H  p e c y p c ] .  -  e a e K T p o H H H H .  
^ y p H .  -  P e : * H M  g o c T y n y :  h t t p s : / / u k . w i k i p e d i a . o r g /
2 0 .  B a c u a e r a  n . O .  E a e K T p o n o c T a u a H H a  -  C y M H :  B u g - ß o  C y M f l , y ,  2 0 1 9 .  -  5 2 1  c
fl03. fl03HaveHHR HauMeHyBaHHß Km. Maca QQ.,fQ riptfM.
1 H l, H2, H3, H4 Hacocn MkpofloSaBox 4 2,2  kBt
2 H5, H6 Hamen MiKpoffoöaBOK 2 1,5 kBt
3 H7, H8, H9, HfO, H11.H12 Hamern MinpofloSaBOK 6 1,1 kBt
4 H13, H14, H15 Hacocn nopani po3mwy 3 2,2  kB t
5 H16, H17, H18 Hacocn MiiuanoK 3 1,5 kB t
6 M l, M2, M3 MiwajiKH 3 7,5 kBt
7 H19rH20.H21,H22,H23,H24,H25,H26 Hacocn Biperim m a 8 5,5 kB t
8 H27 H28 ro/ioBH i Hacocn rpapnpni 2 22 kBt
9 H29 H30 Hacocn epopeyHOK 2 11 kB t
B P 5 .6 . 1 4 1 .0 7 8 1 1 3
AtiSßia poöorn  e u e r e m  eneKTponocravaHHa HacocHo'i 
craHyfi ra poapaxynoK ronoBHHX tl  napaMerpis3m KifM. Api. AfcjdE flenne firn
Po3po6m rp m p 'ee
ß o a a m A
Cra/jm Apxyuj ApxywiB
KeptBHKK Bacunara B PKoHeynbT.
ü n a H  H acocH o'i craHLjii C y M jjy , E T 3 -6 1 CH.Kohtp.
3aTBSpM.
fl03. nojHayeHHf? HaüMeHyBaHHH Kin. Maca oß.,Kt npm.
1 H l, H2, H3, H4 HacocM MkpoßoSaBOK 4 2,2 kBt
2 H5, H6 Hacocn mpogoßaBOK 2 1,5 »Bt
3 H7, H 8,H 9,H 10.H 11,H 12 Hacocn MkpOßOÖaBoK 8 1.1 kBt
4 H13, H14, H15 Hacocn noaani po3nnny 3 2,2 kBt
5 H16, H iF i H18 HacocM MiwanoK 3 1,5 »Bt
6 M1, M2, M3 Miwamn 3 7,5 kBt
7 H19.H20, H21, H22, H23, H24, H25, H26 HacocM BipcTwuma 8 5,5  kBt
8 H27, H28 r :n obhi nacocn rpapupHi 2 22 kBt
9 H29, H30 Hacocti tpopcyaoK 2 11 »Bt
BP 5.6.141.078 m
A n a n ij p o ß o w  cM cre /m  eneKTponocTaHam w H acocm i' 
c ra a p ii ra  p03paxyH0K totio bhux i i  napatm Tpie





f l f ia n  euerem * 
e,nei;TponocT5H3HH9 CyM/jy, ET3-61CH.Kohtp-3aTBepa. M e sfu m m
BP 5.6.141.078 f l3
Ahani3 po6o m  CHcreinn e/ieiaponocTaBam a Hacocm'i 
CTaHtjif ra po3paxynoK ronosHux iJnapaMerpia3m Kinbi Apn Afejof fli/jnuc firn
Po3po6ue rp m p 'ea
ß o p a m  B
Craßw Apxyuj Apxywiß
KeptBHM Bacmera BPKoHcvnbT.
CxeMa o ß H o n m m a  
Mepexi m a n e H H a CyM/jy, ETs-61cHÄOHTp.3aTB8pü. fieteßtKbfflü
BP 5.6.141.078 fl3
A n a n i3  poöoT M  c m c tb m m  e n e /c rp o n o c T a ^ a n m  h b c o c h o i 
CT&HLfü  ra p o sp a xyn o K  ronoB H H x i'in a p a w rp iB
Sm. K im . Apn. ftyjOK. fliffm c ßSTS
P03ß06HB Fpurop'eB floaaroKr C r$ 0 Aptyw ApuyuiieKepiBH M Bacmera BPKoHcy/ibT.
CxBMd O flH O m im  po3noßinbwi mpm CyMffY. ETs-610H.KOHTp.3arB & pa M e o m m
